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This appeal is imder 35 U.S.C. 1 34 from the decision of the Examiner finally rejecting claims 
13-19 and 26-28 as set forth in the Final Office Action of February 26, 2007. 

A Notice of Appeal to the February 26, 2007 Final Office Action was filed August 24, 2007 
accompanied by a Request for Extension of Time for three months, whereby the initial due date for 
filing of the Appeal Brief is set to expire two months thereafter, or October 24, 2007. 

Appellant hereby requests an extension of time for five months to extend the time for filing 
of the Appeal Brief for five months until March 24, 2008, and are concurrently filing a formal 
Request for Extension of Time for five months accompanied by the government fee. If for any 
reason the formal Request for Extension of Time is not associated with the fee and/or any extension 
of time is needed, this is an express request for any extension of time necessary to maintain the 
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pendency of the application, and authorization to charge any required extension of time fee and/or 
any fee necessary to maintain the. pendency of the appUcation to Deposit Account No. 19-0089. 

The requisite fee under 37 C.F.R. 41.20(b)(2) in the amount of $510.00 for the filing of the 
Appeal Brief is being paid by check, submitted herewith. 

As noted above, if for any reason any extension of time and/or any fee is required to maintain 
the pendency of the application, including any extension of time and/or appeal fee, authorization is 
hereby provided to charge any required fee, including any fee for the Appeal Brief and any necessary 
extension of time fee to Deposit Account No. 19-0089. 
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i If ( 

(I) REAL PARTY IN INTEREST 

The real party in interest is Ame Holmgen of Stockholm, Sweden by an assignment from 
Daiichi Pharmaceutical Co., Ltd. recorded April 5, 2007, at Reel 019123, Frame 0190 (3 pages). 



(II) RELATED APPEALS AND INTERFERENCES 

Appellant notes that a previous final rejection of the Examiner was considered by the Board 
of Appeals with the Examiner's final rejection being reversed in the decision of the Board of Appeals 
on July 29, 2005. 
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i • 

(III) STATUS OF CLAIMS 

The status of the claims is as follows: 

Claims 1-12 and 20-25 are canceled, and claims 13-19 and 26-28 are pending in this 
application. 

Of the pending claims, claims 13-19 and 26-28 have been finally rejected in the Final Office 
Action mailed February 26, 2007. 
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I • 

(IV) STATUS OF AMENDMENTS 

Appellant filed an Amendment Under 37 C.F.R. 1 . 1 1 6 on May 25, 2007. In the Amendment, 
claim 16 was amended to change the dependency of claim 16 from claim 17 to claim 15. 

An Advisory Action was mailed June 1 2, 2007 indicating that Appellant's Amendment filed 
May 25, 2007 will be entered for purposes of appeal, whereby the claims under appeal are the claims 
as presented in the Amendment Under 37 C.F.R. 1.116, filed May 27, 2007. Accordingly, the 
Appendix herein includes claim 16 as amended in the May 25, 2007 Amendment. 
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(V) SUMMARY OF THE CLAIMED SUBJECT MATTER 

The following description is made with respect to the independent claims and includes 
references to particular parts of the specification. As such, the following is merely exemplary and is 
not a surrender of other aspects of the present invention that are also enabled by the present 
specification and that are directed to equivalent structures or methods v^thin the scope of the claims. 

Independent claim 1 3 recites, such as disclosed in Appellant's specification at page 2, line 7 
to page 3, line 9, and Figs, 1 and 2, a method for reduction of a substrate v^th thioredoxin reductase, 
comprising combining the thioredoxin reductase, the substrate and NADPH in vitro under 
conditions to reduce the substrate, the substrate comprising a substance selected from the group 
consisting of a compound represented by the following general formula (1) or (T) and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof: 



Y 
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wherein and independently represent a hydrogen atom, a halogen atom, a trifluoromethyl 
group, a nitro group, a CrCe alkyl group, or a C\-C^ alkoxyl group, or R* and R^ may combine 
together to represent methylenedioxy group; R^ represents an aryl group, an aromatic heterocyclic 
group, a 5- to 7-membered cycloalkyl group, or a 5- to 7-membered cycloalkenyl group, and the aryl 
group, the aromatic heterocyclic group, the cycloalkyl group, and the cycloalkenyl group may be 
substituted with one or more substituents; R"^ represents a hydrogen atom, a hydroxyl group, a -S- 
glutathione group, a -S- a-amino acid group, or an aralkyl group whose aryl moiety may be 
substituted with one or more substituents; R^ represents a hydrogen atom or a CpCe alkyl group, or 
R^andR^ may combine together to represent single bond; Y represents oxygen atom or sulfur atom; 
n represents an integer of from 0 to 5; and the selenium atom may be oxidized. 

Moreover, as disclosed in Appellant's specification, page 3, beginning in the second full 
paragraph (at line 1 0) and Fig. 3, the present invention provides as recited in independent claim 15, 
a method of enhancing peroxidase activity of thioredoxin reductase, comprising combining 
NAPDH, thioredoxin reductase, thioredoxin and a substrate in vitro under conditions to enhance 
peroxidase activity of thioredoxin reductase, the substrate comprising a substance selected from the 
group consisting of a compound represented by the following general formula (1) or (T) and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof: 
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wherein and independently represent a hydrogen atom, a halogen atom, a 
trifluoromethyl group, a nitro group, a Ci-Ca alkyl group, or a CpCe alkoxyl group, or R* and R^ may 
combine together to represent methylenedioxy group; represents an aryl group, an aromatic 
heterocyclic group, a 5- to 7-membered cycloalkyl group, or a 5- to 7-membered cycloalkenyl group, 
and the aryl group, the aromatic heterocyclic group, the cycloalkyl group, and the cycloalkenyl group 
may be substituted with one or more substituents; R^ represents a hydrogen atom, a hydroxy 1 group, 
a -S-glutathione group, a -S- a-amino acid group, or an aralkyl group whose aryl moiety may be 
substituted with one or more substituents; R^ represents a hydrogen atom or a Ci-Ce alkyl group, or 
R^andR^ may combine together to represent single bond; Y represents oxygen atom or sulfur atom; 
n represents an integer of from 0 to 5; and the selenium atom may be oxidized. 

Still further, as defined in independent claim 1 7, the present invention provides a method of 
oxidizing reduced thioredoxin by a substrate, the method comprising combining reduced thioredoxin 
and a substrate in vitro under conditions to oxidize the reduced thioredoxin with the substrate, the 



substrate comprising a substance selected from the group consisting of a compound represented by 
the following general formula (1) or (T) and a physiologically acceptable salt thereof, and a hydrate 
thereof and a solvate thereof: 



Y 




Y 




wherein and independently represent a hydrogen atom, a halogen atom, a 
trifluoromethyl group, a nitro group, a Ci-Ce alkyl group, or a Ci-Ce alkoxyl group, or R* and R^ may 
combine together to represent methylenedioxy group; R^ represents an aryl group, an aromatic 
heterocyclic group, a 5- to 7-membered cycloalkyl group, or a 5- to 7-membered cycloalkenyl group, 
and the aryl group, the aromatic heterocyclic group, the cycloalkyl group, and the cycloalkenyl group 
may be substituted with one or more substituents; R"^ represents a hydrogen atom, a hydroxyl group, 
a -S-glutathione group, a -S- a-amino acid group, or an aralkyl group whose aryl moiety may be 
substituted with one or more substituents; R^ represents a hydrogen atom or a CpCe alkyl group, or 
R"* and R^ may combine together to represent single bond; Y represents oxygen atom or sulfur atom; 
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n represents an integer of from 0 to 5; and the selenium atom may be oxidized., such as disclosed in 
Appellant's specification at page 8, the first full paragraph (lines 2-11). 

Still further, as recited in independent claim 1 8, the present invention provides a method for 
reducing a peroxide comprising combining thioredoxin, thioredoxin reductase, NAPDH and a 
substrate in vitro under conditions to reduce the peroxide, the substrate comprising a substance 
selected from the group consisting of a compound represented by the following general formula (1) 
or (!') and a physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof: 



Y 




Y 




wherein and independently represent a hydrogen atom, a halogen atom, a 
trifluoromethyl group, a nitro group, a Ci-Ce alkyl group, or a Ci-Ce alkoxyl group, or R^ and 
R^ may combine together to represent methylenedioxy group; R^ represents an aryl group, an 
aromatic heterocyclic group, a 5- to 7-membered cycloalkyl group, or a 5- to 7-membered 
cycloalkenyl group, and the aryl group, the aromatic heterocyclic group, the cycloalkyl group, 
and the cycloalkenyl group may be substituted with one or more substituents; R"* represents a 



hydrogen atom, a hydroxyl group, a -S-glutathione group, a -S- a-amino acid group, or an 
aralkyl group whose aryl moiety may be substituted with one or more substituents; 
represents a hydrogen atom or a C1-C6 alkyl group, or R"* and R^ may combine together to 
represent single bond; Y represents oxygen atom or sulfur atom; n represents an integer of 
from 0 to 5; and the selenium atom may be oxidized, such as disclosed in the specification at 
page 8, the first full paragraph (lines 2-11) and Fig. 5. 

Still further, as recited in independent claim 19, the present invention provides a 
method of preventing peroxidation of a substance comprising combining thioredoxin, 
thioredoxin reductase and NADPH with a substrate in vitro under conditions to prevent 
peroxidation of the substance , the substrate being selected from the group consisting of a 
compound represented by the following general formula (1) or (T) and a physiologically 
acceptable salt thereof, and a hydrate thereof and a solvate thereof: 



Y 
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wherein and independently represent a hydrogen atom, a halogen atom, a 
trifluoromethyl group, a nitro group, a C\-Ce alkyl group, or a Ci-Ce alkoxyl group, or R^ and 
R^ may combine together to represent methylenedioxy group; R"' represents an aryl group, an 
aromatic heterocyclic group, a 5- to 7-membered cycloalkyl group, or a 5- to 7-membered 
cycloalkenyl group, and the aryl group, the aromatic heterocyclic group, the cycloalkyl group, 
and the cycloalkenyl group may be substituted with one or more substituents; R"^ represents a 
hydrogen atom, a hydroxyl group, a -S-glutathione group, a -S- a-amino acid group, or an 
aralkyl group whose aryl moiety may be substituted with one or more substituents; R^ 
represents a hydrogen atom or a Ci-Ce alkyl group, or R"* and R^ may combine together to 
represent single bond; Y represents oxygen atom or sulfur atom; n represents an integer of 
from 0 to 5; and the selenium atom may be oxidized., such as disclosed in the specification at 
page 8, the first full paragraph (lines 2-11). 
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II -J 

(VI) GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

(a) Claims 13-19 and 26-28 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over U.S. Patent No. 4,41 8,069 to Welter et al. (hereinafter "Welter"), or U.S. 
Patent No. 4,730,053 to Dereu et al. (hereinafter "Dereu"), or EP 0 366 990 (hereinafter "EP 
'990"), or CA 02276984 (hereinafter "CA '984"), or WO 97/26968 (hereinafter WO '986). 

(b) Claims 13-19 and 26-28 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over the combined teachings of Arteel et al., Chem. Res. Toxicol, 1999, 12, 
264-269 (hereinafter "Arteel"), Bjomstedt et al.. Journal of Biological Chemistry, Vol. 270, 
No. 20, Issue of May 19, pp. 1 1761-1 1764, 1995 (hereinafter "Bjomstedt") , and Kumar et 
al., Eur. J. Biochem, 207, 435-439, 1992 (hereinafter "Kumar") and in view of Muller et al.. 
Biochemical Pharmacology, Vol. 33, No. 20, pp. 3235-3239, 1984 (hereinafter "Muller") and 
Schewe, Gen. Pharmac, Vol. 26, No. 6, pp. 1 153-1 169, 1995 (hereinafter "Schewe"). 
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(VII) ARGUMENT 

(a) Traversal of rejections of claims 13-19 and 26-28 under 35 U.S.C. 103(a) as 
being unpatentable over Welter (U.S. Patent No. 4,418,069), or Dereu (U.S. Patent No. 
4,730,053), or EP '990 ( EP 0 366 990), or CA '984 (CA 02276984), or WO '968 (WO 
97/26968). 

(A) Arguments for Claims 13 and 14 

The rejections of claims 13 and 14 under 35 U.S.C. 103(a) as being unpatentable 
over Welter, or Dereu, or EP '990 or CA *984, or WO '968 are in error, the decision of 
the Examiner to finally reject these claims should be reversed, and the application 
should be remanded to the Examiner. 

Appellant's independent claim 13 is directed to a method for reduction of a substrate 
with thioredoxin reductase, comprising combining the thioredoxin reductase, the substrate 
and NADPH in vitro under conditions to reduce the substrate, the substrate comprising a 
substance selected from the group consisting of a compound represented by the general 
formulas recited in claim 13 and a physiologically acceptable salt thereof, and a hydrate 
thereof and a solvate thereof. Claim 14 further recites that the substrate comprises a 
substance selected from the group consisting of 2-phenyl-l,2-benziso-selenazol-3(2H)-one 
(also referred to as ebselen) or a ring-opened form thereof and a physiologically acceptable 
salt thereof, and a hydrate thereof and a solvate thereof. 
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The rejections over each of Weher, Dereu, EP '990, CA '984 and WO '968 contend 

that: 

As explained in the previous office action, all these articles expressly teach 
administration of structurally similar compounds in vivo to achieve the same effect as 
claimed here in-vitro. Inasmuch as the in-vivo administration is taught achieving 
reduction of the substrate, it is expected that in vitro effect will be achieved in the 
same way, absent evidence to the contrary. 

In response to these grounds of rejection, Appellant notes that the rejections are 
without appropriate basis in that the rejections improperly utilize Appellant's disclosure, and 
not the prior art, as the supporting reasoning for the rejections. The rejections contend that 
the documents disclose that, "the in-vivo administration is taught achieving reduction of the 
substrate"; however, the rejections do not point to any disclosure in any of the documents 
that discloses reduction of the substrate. 

A review of the documents utilized in the rejections reveals that the documents 
disclose: 

Welter - benzisoselenazolones and the in vivo treatment of rheumatic and arthritic 
diseases using benzisoselenazolones; 

Dereu - S-(Carbamoyl-phenylselenyl) derivatives of mercaptanes of general formula 
(I), and to an in vivo process for the treatment of diseases caused by cell injury due to the 
increased formation of active oxygen metabolites; 

EP *990 - stable parenteral solutions of 2-phenyl-l,2-benzisoselenazol-3(2H)-one 
with a discussion of uses of ebselen in treatment of numerous diseases, such as the 
prophylaxis and therapy of infection diseases, the therapy of malignant tumors, therapy of 
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rheumatic diseases, therapy of deficiencies caused by oxidative stress, and the topical 
treatment of inflammatory and allergic skin diseases such as psoriasis; 

CA *984 - a cyclooxygenase-2-inhibitor and therapy and/or prophylaxis of such 
diseases which are caused in a disturbance and/or in an influence of the cyclooxygenase -2- 
inhibition with a peroral administration; and 

WO '968 - treatment of asthma by administering to a mammal 2-phenyl-l,2- 
benzoisoselenazole-3(2H)-one or a pharmaceutically acceptable salt thereof 

There is no teaching in any of the documents utilized in the rejections of achieving 
reduction of a substrate. This is part of Appellant's disclosure, and cannot be utilized to 
support a rejection. The rejections must establish that one having ordinary skill in the art, 
from knowledge within the prior art, would have arrived at the subject matter recited in 
Appellant's claims. 

Appellant further submits that ebselen is expected to be an inhibitor of thioredoxin 
reductase. In this regard, the Examiner's attention was directed to and the Board's attention 
is directed to Engman et al.. Anticancer Res. 1997 Nov-Dec;17(6D):4599-605 (Abstract) 
(hereinafter "Engman"), and Arteel (which Arteel document is used in the rejection of 
Appellant's claims that will be argued below). From a review of Engman and Arteel, it can 
be seen that Engman as well as Arteel do not disclose the use of ebselen as a substrate for 
thioredoxin reductase. Appellant notes that Arteel (in its results and discussion, at page 268, 
right column, at the top of the column), cites Engman (Reference No. 22) for its disclosure of 
ebselen being an inhibitor of thioredoxin reductase , and discusses a mechanism that is not 
in conformance with that of Appellant's disclosed and claimed subject matter. 



Thus, the prior art shows ebselen as being an inhibitor and not a substrate, which is in 
contrast with the Examiner's supporting assertion for the rejections. There is no reason why 
one having ordinary skill in the art would arrive at a method for reduction of a substrate with 
thioredoxin reductase, comprising combining the thioredoxin reductase, the substrate and 
NADPH in vitro under conditions to reduce the substrate, the substrate comprising a 
substance selected from the group consisting of a compound represented by the general 
formulas recited in claim 13 and a physiologically acceptable salt thereof, and a hydrate 
thereof and a solvate thereof. Further, the rejections of record do not establish that one 
having ordinary skill in the art would arrive at Appellant's recited method in claim 14 for 
reduction of a substrate with thioredoxin reductase, comprising combining the thioredoxin 
reductase, the substrate and NADPH in vitro under conditions to reduce the substrate, the 
substrate comprising a substance selected from the group consisting of 2-phenyl-l ,2-benziso- 
selenazol-3(2H)-one or a ring-opened form thereof and a physiologically acceptable salt 
thereof, and a hydrate thereof and a solvate thereof Therefore, the obviousness rejections 
based upon each of Welter, or Dereu, or EP '990, or CA '984, or WO '968 are without 
appropriate basis, and should be withdrawn. 

Accordingly, the obviousness rejections based upon Welter, or Dereu, or EP '990, or 
CA '984, or WO '968 should be withdrawn. 
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(B) Arguments for Claims 15 and 16 

The rejections of claims 15 and 16 under 35 U.S.C. 103(a) as being unpatentable 
over Welter, or Dereu, or EP '990 or CA '984, or WO '968 are in error, the decision of 
the Examiner to finally reject these claims should be reversed, and the application 
should be remanded to the Examiner. 

Appellant's independent claim 15 is directed to a method of enhancing peroxidase 
activity of thioredoxin reductase, comprising combining NAPDH, thioredoxin reductase, 
thioredoxin and a substrate in vitro under conditions to enhance peroxidase activity of 
thioredoxin reductase, the substrate comprising a substance selected from the group 
consisting of a compound represented by the general formulas recited in claim 15 and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof Claim 1 6 
further recites that the substrate comprises a substance selected from the group consisting of 
2-phenyl- 1 ,2-benziso-selenazol-3(2H)-one (also referred to as ebselen) or a ring-opened form 
thereof and a physiologically acceptable salt thereof, and a hydrate thereof and a solvate 
thereof 

The rejections over each of Welter, Dereu, EP '990, CA '984 and WO '968 contend 

that: 

As explained in the previous office action, all these articles expressly teach 
administration of structurally similar compounds in vivo to achieve the same effect as 
claimed here in-vitro. Inasmuch as the in-vivo administration is taught achieving 
reduction of the substrate, it is expected that in vitro effect will be achieved in the 
same way, absent evidence to the contrary. 

In response to these grounds of rejection, Appellant notes that the rejections are 
without appropriate basis in that the rejections improperly utilize Appellant's disclosure, and 
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not the prior art, as the supporting reasoning for the rejections. The rejections contend that 
the documents disclose that, "the in- vivo administration is taught achieving reduction of the 
substrate". However, the rejections do not point to any disclosure in any of the documents 
that discloses reduction of the substrate. Moreover, the rejections do not indicate how this 
assertion relates to a method of enhancing peroxidase activity of thioredoxin reductase, 
comprising combining NAPDH, thioredoxin reductase, thioredoxin and a substrate in vitro 
under conditions to enhance peroxidase activity of thioredoxin reductase, the substrate 
comprising a substance selected from the group consisting of a compound represented by the 
general formulas recited in claim 15 and a physiologically acceptable salt thereof, and a 
hydrate thereof and a solvate thereof, or as recited in claim 16 wherein the substrate 
comprises a substance selected from the group consisting of 2-phenyl-l ,2-benziso-selenazol- 
3(2H)-one or a ring-opened form thereof and a physiologically acceptable salt thereof, and a 
hydrate thereof and a solvate thereof. 

As previously pointed out by Appellant, a review of the documents utilized in the 
rejections reveals that the documents disclose: 

Welter - benzisoselenazolones and the in vivo treatment of rheumatic and arthritic 
diseases using benzisoselenazolones; 

Dereu - S-(Carbamoyl-phenylselenyl) derivatives of mercaptanes of general formula 
(I), and to an in vivo process for the treatment of diseases caused by cell injury due to the 
increased formation of active oxygen metabolites; 

EP *990 - stable parenteral solutions of 2-phenyl-l, 2-benzisoselenazol-3(2H)-one 
with a discussion of uses of ebselen in treatment of numerous diseases, such as the 
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prophylaxis and therapy of infection diseases, the therapy of mahgnant tumors, therapy of 
rheumatic diseases, therapy of deficiencies caused by oxidative stress, an the topical 
treatment of inflammatory and allergic skin diseases such as psoriasis; 

CA '984 - a cyclooxygenase-2-inhibitor and therapy and/or prophylaxis of such 
diseases which are caused in a disturbance and/or in an influence of the cyclooxygenase -2- 
inhibition with a peroral administration; and 

WO '968 - treatment of asthma by administering to a mammal 2-phenyl"l,2- 
benzoisoselenazole-3(2H)-one or a pharmaceutically acceptable salt thereof. 

There is no teaching in any of the documents utilized in the rejections of enhancing 
peroxidase activity of thioredoxin reductase, comprising combining NAPDH, thioredoxin 
reductase, thioredoxin and a substrate in vitro under conditions to enhance peroxidase 
activity of thioredoxin reductase. This is part of Appellant's disclosure, and cannot be 
utilized to support a rejection. The rejections must establish that one having ordinary skill in 
the art, from knowledge within the prior art, would have arrived at the subject matter recited 
in Appellant's claims. 

Appellant further submits that ebselen is expected to be an inhibitor of thioredoxin 
reductase for the reasons set forth with respect to claims 1 3 and 1 4 above. Thus, the prior art 
shows ebselen as being an inhibitor and not a substrate, which is in contrast with the 
Examiner's supporting assertion for the rejections. There is no reason why one having 
ordinary skill in the art would arrive at a method of enhancing peroxidase activity of 
thioredoxin reductase, comprising combining NAPDH, thioredoxin reductase, thioredoxin 
and a substrate in vitro under conditions to enhance peroxidase activity of thioredoxin 
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reductase, the substrate comprising a substance selected from the group consisting of a 
compoimd represented by the general formulas recited in claim 15 and a physiologically 
acceptable salt thereof, and a hydrate thereof and a solvate thereof, or as recited in claim 16 
wherein the substrate comprises a substance selected from the group consisting of 2-phenyl- 
l,2-benziso-selenazol-3(2H)-one or a ring-opened form thereof and a physiologically 
acceptable salt thereof, and a hydrate thereof and a solvate thereof Therefore, the 
obviousness rejections based upon each of Welter, or Dereu, or EP '990, or CA '984, or WO 
'968 are without appropriate basis, and should be withdrawn. 

Accordingly, the obviousness rejections based upon Welter, or Dereu, or EP '990, or 
CA '984, or WO '968 should be withdrawn. 

(C) Arguments for Claims 1 7 and 26 

The rejections of claims 17 and 26 under 35 U.S.C, 103(a) as being unpatentable 
over Welter, or Dereu, or EP *990 or CA '984, or WO '968 are in error, the decision of 
the Examiner to finally reject these claims should be reversed, and the application 
should be remanded to the Examiner. 

Appellant's independent claim 17 is directed to a method of oxidizing reduced 
thioredoxin by a substrate, the method comprising combining reduced thioredoxin and a 
substrate in vitro under conditions to oxidize the reduced thioredoxin with the substrate, the 
substrate comprising a substance selected from the group consisting of a compound 
represented by the general formulas recited in claim 1 7 and a physiologically acceptable salt 
thereof, and a hydrate thereof and a solvate thereof. Claim 26 further recites that the 
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substrate comprises a substance selected from the group consisting of 2-phenyl-l 52-benziso- 
seIenazol-3(2H)-one (also referred to as ebselen) or a ring-opened form thereof and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof 

The rejections over each of Welter, Dereu, EP '990, CA '984 and WO '968 contend 

that: 

As explained in the previous office action, all these articles expressly teach 
administration of structurally similar compounds in vivo to achieve the same effect as 
claimed here in-vitro. Inasmuch as the in- vivo administration is taught achieving 
reduction of the substrate, it is expected that in vitro effect will be achieved in the 
same way, absent evidence to the contrary. 

In response to these grounds of rejection. Appellant notes that the rejections are 
without appropriate basis in that the rejections improperly utilize Appellant's disclosure, and 
not the prior art, as the supporting reasoning for the rejection. The rejections contend that the 
documents disclose that, "the in-vivo administration is taught achieving reduction of the 
substrate". However, the rejections do not point to any disclosure in any of the documents 
that discloses reduction of the substrate. Moreover, the rejections do not indicate how this 
assertion relates to a method of oxidizing reduced thioredoxin by a substrate, the method 
comprising combining reduced thioredoxin and a substrate in vitro under conditions to 
oxidize the reduced thioredoxin with the substrate, and a hydrate thereof and a solvate 
thereof, or as recited in claim 26 wherein the substrate comprises a substance selected from 
the group consisting of 2-phenyl-l,2-benziso-selenazol-3(2H)-one or a ring-opened form 
thereof and a physiologically acceptable salt thereof, and a hydrate thereof and a solvate 
thereof 
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As previously pointed out by Appellant, a review of the documents utilized in the 
rejections reveals that the documents disclose: 

Welter - benzisoselenazolones.and the in vivo treatment of rheumatic and arthritic 
diseases using benzisoselenazolones; 

Dereu - S-(Carbamoyl-phenylselenyl) derivatives of mercaptanes of general formula 
(I), and to an in vivo process for the treatment of diseases caused by cell injury due to the 
increased formation of active oxygen metabolites; 

EP '990 - stable parenteral solutions of 2-phenyl-l,2-benzisoselenazol-3(2H)-one 
with a discussion of uses of ebselen in treatment of numerous diseases, such as the 
prophylaxis and therapy of infection diseases, the therapy of malignant tumors, therapy of 
rheumatic diseases, therapy of deficiencies caused by oxidative stress, an the topical 
treatment of inflammatory and allergic skin diseases such as psoriasis; 

CA '984 - a cyclooxygenase-2-inhibitor and therapy and/or prophylaxis of such 
diseases which are caused in a disturbance and/or in an influence of the cyclooxygenase -2- 
inhibition with a peroral administration; and 

WO '968 - treatment of asthma by administering to a mammal 2-phenyl-l,2- 
benzoisoselenazole-3(2H)-one or a pharmaceutically acceptable salt thereof 

There is no teaching in any of the documents utilized in the rejections of enhancing 
peroxidase activity of thioredoxin reductase, comprising combining NAPDH, thioredoxin 
reductase, thioredoxin and a substrate in vitro under conditions to enhance peroxidase 
activity of thioredoxin reductase. This is part of Appellant's disclosure, and cannot be 
utilized to support a rejection. The rejections must establish that one having ordinary skill in 



the art, from knowledge within the prior art, would have arrived at the subject matter recited 
in Appellant's claims. 

Appellant fiirther submits that ebselen is expected to be an inhibitor of thioredoxin 
reductase for the reasons set forth with respect to claims 1 3 and 1 4 above. Thus, the prior art 
shows ebselen as being an inhibitor and not a substrate, which is in contrast with the 
Examiner's supporting assertion for the rejections. There is no reason why one having 
ordinary skill in the art would arrive at a method of enhancing peroxidase activity of 
thioredoxin reductase, comprising combining NAPDH, thioredoxin reductase, thioredoxin 
and a substrate in vitro under conditions to enhance peroxidase activity of thioredoxin 
reductase, the substrate comprising a substance selected from the group consisting of a 
compound represented by the general formulas recited in claim 17 and a physiologically 
acceptable salt thereof, and a hydrate thereof and a solvate thereof, or as recited in claim 26 
wherein the substrate comprises a substance selected from the group consisting of 2-phenyl- 
l,2-benziso-selenazol-3(2H)-one or a ring-opened form thereof and a physiologically 
acceptable salt thereof, and a hydrate thereof and a solvate thereof. Therefore, the 
obviousness rejections based upon each of Welter, or Dereu, or EP '990, or CA '984, or WO 
'968 are without appropriate basis, and should be withdrawn. 

Accordingly, the obviousness rejections based upon Welter, or Dereu, or EP '990, or 
CA '984, or WO '968 should be withdrawn. 
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(D) Arguments for Claims 18 and 27 

The rejections of claims 18 and 27 under 35 U.S.C. 103(a) as being unpatentable 
over Welter, or Dereu, or EP '990 or CA *984, or WO *968 are in error, the decision of 
the Examiner to finally reject these claims should be reversed, and the application 
should be remanded to the Examiner. 

Appellant's independent claim 18 is directed to method for reducing a peroxide 
comprising combining thioredoxin, thioredoxin reductase, NAPDH and a substrate in vitro 
under conditions to reduce the peroxide, the substrate comprising a substance selected from 
the group consisting of a compound represented by the general formulas recited in claim 1 8 
and a physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof. 
Claim 27 further recites that the substrate comprises a substance selected from the group 
consisting of 2-phenyl-l,2-benziso-selenazol-3(2H)-one (also referred to as ebselen) or a 
ring-opened form thereof and a physiologically acceptable salt thereof, and a hydrate thereof 
and a solvate thereof 

The rejections over each of Welter, Dereu, EP '990, CA '984 and WO '968 contend 

that: 

As explained in the previous office action, all these articles expressly teach 
administration of structurally similar compounds in vivo to achieve the same effect as 
claimed here in-vitro. Inasmuch as the in- vivo administration is taught achieving 
reduction of the substrate, it is expected that in vitro effect will be achieved in the 
same way, absent evidence to the contrary. 

In response to these grounds of rejection, Appellant notes that the rejections are 
without appropriate basis in that the rejections improperly utilize Appellant's disclosure, and 
not the prior art, as the supporting reasoning for the rejection. The rejections contend that the 



documents disclose that, "the in-vivo administration is taught achieving reduction of the 
substrate". However, the rejections do not point to any disclosure in any of the documents 
that discloses reduction of the substrate. Moreover, the rejections do not indicate how this 
assertion relates to a method for reducing a peroxide comprising combining thioredoxin, 
thioredoxin reductase, NAPDH and a substrate in vitro under conditions to reduce the 
peroxide, the substrate comprising a substance selected from the group consisting of a 
compound represented by the general formulas recited in claim 18 and a physiologically 
acceptable salt thereof, and a hydrate thereof and a solvate thereof, or as recited in claim 27 
wherein the substrate comprises a substance selected from the group consisting of 2-phenyl- 
l,2-benziso-selenazol-3(2H)-one or a ring-opened form thereof and a physiologically 
acceptable salt thereof, and a hydrate thereof and a solvate thereof 

As previously pointed out by Appellant, a review of the documents utilized in the 
rejections reveals that the documents disclose: 

Welter - benzisoselenazolones and the in vivo treatment of rheumatic and arthritic 
diseases using benzisoselenazolones; 

Dereu - S-(Carbamoyl-phenylselenyl) derivatives of mercaptanes of the general 
formula (I), and to an in vivo process for the treatment of diseases caused by cell injury due 
to the increased formation of active oxygen metabolites; 

EP '990 - stable parenteral solutions of 2-phenyl-l,2-benzisoselenazol-3(2H)-one 
with a discussion of uses of ebselen in treatment of numerous diseases, such as the 
prophylaxis and therapy of infection diseases, the therapy of malignant tumors, therapy of 
rheumatic diseases, therapy of deficiencies caused by oxidative stress, an the topical 



treatment of inflammatory and allergic skin diseases such as psoriasis; 

CA '984 - a cyclooxygenase-2-inhibitor and therapy and/or prophylaxis of such 
diseases which are caused in a disturbance and/or in an influence of the cyclooxygenase -2- 
inhibition with a peroral administration; and 

WO '968 - treatment of asthma by administering to a mammal 2-phenyl-l,2- 
benzoisoselenazole-3(2H)-one or a pharmaceutically acceptable salt thereof 

There is no teaching in any of the documents utilized in the rejections of reducing a 
peroxide comprising combining thioredoxin, thioredoxin reductase, NAPDH and a substrate 
in vitro under conditions to reduce the peroxide. This is part of Appellant's disclosure, and 
caimot be utilized to support a rejection. The rejections must establish that one having 
ordinary skill in the art, from knowledge within the prior art, would have arrived at the 
subject matter recited in Appellant's claims. 

Appellant further submits that ebselen is expected to be an inhibitor of thioredoxin 
reductase for the reasons set forth with respect to claims 1 3 and 14 above. Thus, the prior art 
shows ebselen as being an inhibitor and not a substrate, which is in contrast with the 
Examiner's supporting assertion for the rejections. There is no reason why one having 
ordinary skill in the art would arrive at a method for reducing a peroxide comprising 
combining thioredoxin, thioredoxin reductase, NAPDH and a substrate in vitro under 
conditions to reduce the peroxide, the substrate comprising a substance selected from the 
group consisting of a compound represented the general formulas recited in claim 1 8 and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof, or as 
recited in claim 27 wherein the substrate comprises a substance selected from the group 
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consisting of 2-phenyl-l ,2-benziso-selenazol-3(2H)-one or a ring-opened form thereof and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof. 
Therefore, the obviousness rejections based upon each of Welter, or Dereu, or EP '990, or 
CA '984, or WO '968 are without appropriate basis, and should be withdrawn. 

Accordingly, the obviousness rejections based upon Welter, or Dereu, or EP '990, or 
CA '984, or WO '968 should be withdrawn. 

(E) Arguments for Claims 19 and 28 

The rejections of claims 19 and 28 under 35 U.SX. 103(a) as being unpatentable 
over Welter, or Dereu, or EP '990 or CA *984, or WO *968 are in error, the decision of 
the Examiner to finally reject these claims should be reversed, and the application 
should be remanded to the Examiner. 

Appellant's independent claim 19 is directed to a method of preventing peroxidation 
of a substance comprising combining thioredoxin, thioredoxin reductase and NADPH v^th a 
substrate in vitro under conditions to prevent peroxidation of the substance , the substrate 
being selected from the group consisting of a compound represented by the general formulas 
recited in claim 1 9 and a physiologically acceptable salt thereof, and a hydrate thereof and a 
solvate thereof, and a hydrate thereof and a solvate thereof. Claim 28 further recites that the 
substrate comprises a substance selected from the group consisting of 2-phenyl-l ,2-benziso- 
selenazol-3(2H)-one (also referred to as ebselen) or a ring-opened form thereof and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof. 
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The rejections over each of Welter, Dereu, EP '990, CA '984 and WO '968 contend 

that: 

As explained in the previous office action, all these articles expressly teach 
administration of structurally similar compounds in vivo to achieve the same effect as 
claimed here in-vitro. Inasmuch as the in-vivo administration is taught achieving 
reduction of the substrate, it is expected that in vitro effect will be achieved in the 
same way, absent evidence to the contrary. 

In response to these grounds of rejection. Appellant notes that the rejections are 
without appropriate basis in that the rejections improperly utilize Appellant's disclosure, and 
not the prior art, as the supporting reasoning for the rejections. The rejections contend that 
the documents disclose that, "the in-vivo administration is taught achieving reduction of the 
substrate". However, the rejections do not point to any disclosure in any of the documents 
that discloses reduction of the substrate. Moreover, the rejections do not indicate how this 
assertion relates to a method, of preventing peroxidation of a substance comprising 
combining thioredoxin, thioredoxin reductase and NADPH with a substrate in vitro under 
conditions to prevent peroxidation of the substance , the substrate being selected from the 
group consisting of a compound represented by the general formulas recited in claim 1 9 and 
a physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof, or as 
recited in claim 28 wherein the substrate comprises a substance selected from the group 
consisting of 2-phenyl-l ,2-benziso-selenazol-3(2H)-one or a ring-opened form thereof and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof 

As previously pointed out by Appellant, a review of the documents utilized in the 
rejections reveals that the documents disclose: 

Welter - benzisoselenazolones and the in vivo treatment of rheumatic and arthritic 
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diseases using benzisoselenazolones; 

Dereu - S-(Carbamoyl-phenylselenyl) derivatives of mercaptanes of the general 
formula (I), and to an in vivo process for the treatment of diseases caused by cell injury due 
to the increased formation of active oxygen metabolites; 

EP '990 - stable parenteral solutions of 2-phenyl-l,2-benzisoselenazol-3(2H)-one 
with a discussion of uses of ebselen in treatment of numerous diseases, such as the 
prophylaxis and therapy of infection diseases, the therapy of malignant tumors, therapy of 
rheumatic diseases, therapy of deficiencies caused by oxidative stress, an the topical 
treatment of inflammatory and allergic skin diseases such as psoriasis; 

CA '984 - a cyclooxygenase-2-inhibitor and therapy and/or prophylaxis of such 
diseases which are caused in a disturbance and/or in an influence of the cyclooxygenase -2- 
inhibition with a peroral administration; and 

WO '968 - treatment of asthma by administering to a mammal 2-phenyl-l,2- 
benzoisoselenazole-3(2H)-one or a pharmaceutically acceptable salt thereof. 

There is no teaching in any of the documents utilized in the rejections of reducing a 
peroxide comprising combining thioredoxin, thioredoxin reductase, NAPDH and a substrate 
in vitro under conditions to reduce the peroxide. This is part of Appellant's disclosure, and 
carmot be utilized to support a rejection. The rejections must establish that one having 
ordinary skill in the art, from knowledge within the prior art, would have arrived at the 
subject matter recited in Appellant's claims. 

Appellant fiirther submits that ebselen is expected to be an inhibitor of thioredoxin 
reductase for the reasons set forth with respect to claims 1 3 and 1 4 above. Thus, the prior art 



shows ebselen as being an inhibitor and not a substrate, which is in contrast with the 
Examiner's supporting assertion for the rejections. There is no reason why one having 
ordinary skill in the art would arrive at a method of preventing peroxidation of a substance 
comprising combining thioredoxin, thioredoxin reductase and NADPH with a substrate in 
vitro under conditions to prevent perox;idation of the substance , the substrate being selected 
from the group consisting of a compound represented by the general formulas recited in 
claim 19 and a physiologically acceptable salt thereof, and a hydrate thereof and a solvate 
thereof, or as recited in claim 28 wherein the substrate comprises a substance selected from 
the group consisting of 2-phenyl-l,2-benziso-selenazol-3(2H)-one or a ring-opened form 
thereof and a physiologically acceptable salt thereof, and a hydrate thereof and a solvate 
thereof Therefore, the obviousness rejections based upon each of Welter, or Dereu, or EP 
'990, or CA '984, or WO '968 are without appropriate basis, and should be withdrawn. 

Accordingly, the obviousness rejections based upon Welter, or Dereu, or EP '990, or 
CA '984, or WO '968 should be withdrawn. 
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(b) Traversal of rejection of claims 13-19 and 26-28 under 35 U.S.C. 103(a) as 
being unpatentable over 35 U.S.C. 103(a) as being unpatentable over the combined 
teachings of Arteel, Bjornstedt and Kumar and in view of Muller and Schewe. 
(A) Arguments for Claims 13 and 14 

The rejection of claims 13 and 14 under 35 U.S.C. 103(a) as being unpatentable 
over the combined teachings of Arteel, Bjornstedt and Kumar and in view of Muller 
and Schewe is in error, the decision of the Examiner to finally reject these claims 
should be reversed, and the application should be remanded to the Examiner. 

Appellant's independent claim 1 3 is directed to a method for reduction of a substrate 
with thioredoxin reductase, comprising combining the thioredoxin reductase, the substrate 
and NADPH in vitro under conditions to reduce the substrate, the substrate comprising a 
substance selected from the group consisting of a compound represented by the general 
formulas recited in claim 13 and a physiologically acceptable salt thereof, and a hydrate 
thereof and a solvate thereof. Claim 14 further recites that the substrate comprises a 
substance selected from the group consisting of 2-phenyl-l,2-benziso-selenazol-3(2H)-one 
(also referred to as ebselen) or a ring-opened form thereof and a physiologically acceptable 
salt thereof, and a hydrate thereof and a solvate thereof. 

In this ground of rejection, the Examiner contends that: 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to use the process of Arteel et al, and 
Bjornstedt et al, wherein in vitro experiment is expressly done using 
NADPH, selenocystine and thioredoxin similar to claimed herein, by using 
ebselen, as taught by Muller et al and Schewe, because the latter references 
are expressly teaching that ebselen mimics glutathione peroxidase like 
activities, and Kumar et al is expressly teaching that selenite is a substrate for 
thioredoxin reductase and NADPH, and Bjornstedt et al expressly teaching 
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that selenium is an essential element to have anti oxidant property, ebselen is 
having glutathione peroxidase like activity in vitro, it is obvious that ebselen 
when reacted with thioredoxiri reductase and NADPH, would result in a 
method similar to claimed herein, absent evidence to the contrary. 

The rejection further contends that: 

Thus, as noted in the rejection, Bjomstedt does not disclose method as 
recited in Applicants' claims which include the recited compoimds let 
alone teach or suggest that compounds having a structure as ebselen would 
be a substrate, an inhibitor or most likely not show any reactivity. 

The rejection further contends referring to Bjomstedt, " it is selenium which is 

important part of the reaction and other reference are expressly teaching that selenium is 
active part, and MuUer is teaching ebselen to be behaving like glutathione peroxidase like 
activity, thus suggesting similar process as claimed herein." 

Still further, referring to Kumar, the rejection notes that the structure is diflferent but 
contends that, "it is selenium that is important and the references are expressly teaching 
equivalence of selenite, ebselen having glutathione peroxidase like activity." 

Regarding Arteel not using ebselen, the rejection asserts that, "it is selenium which is 
important and inasmuch as ebselen is taught in a similar glutathione peroxidase like activity , 
the method claim is obvious as a whole, absent evidence to the contrary. 

In contrast to the Examiner's assertions. Appellant again points out, as argued above, 
that the prior art shows ebselen as being an inhibitor and not a substrate. Therefore, the 
assertions in the rejection that it is selenium that is important and the references expressly 
teaching that selenium is active part is without appropriate basis. The rejection does not 
address that the prior art, such as Arteel and Engman specifically disclose that ebselen is an 
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inhibitor. The contention set forth in the rejection that it is selenium that is important is like 
saying that any compound that contains carbon would be useful to cure a disease merely 
because one compound capable of curing the disease contains carbon. 

Still further, Appellant submits that the rejection is not clear as to how the 
documents are being combined. The rejection does not indicate what is meant by the 
combined teachings of Arteel, Bjomstedt, and Kumar. Moreover, the rejection does not 
explain how the various disclosures can be combined, and how Appellant's process can 
be arrived at when Arteel discloses that ebselen is an inhibitor. Certainly, the rejection 
must address this issue without utilizing Appellant's disclosure to support the rejection. 

Moreover, Appellant notes that, as disclosed in Bjomstedt at page 11761, right 
column, third full paragraph, Bjomstedt is directed to the investigation of whether 
thioredoxin reductase and thioredoxin can reduce lipid hydroperoxides and if low 
molecular weight selenium compounds could act as charge transfer catalysts. Bjomstedt 
discloses that this could be an important alternative pathway for the detoxification of 
hydroperoxides in addition to GSH-Px-mediated reduction. Thus, as noted in the 
rejection, Bjomstedt does not disclose methods as recited in Appellant's claims which 
include the recited compounds let alone teach or suggest that compounds having a 
structure such as ebselen would be a substrate, an inhibitor or most likely not show any 
reactivity. In fact, ebselen is not a substrate for a majority of the world's thioredoxin 
reductases found in all bacteria, plants, yeast, etc. These thioredoxin reductases do not 
reduce ebselen and, in fact, ebselen acts as an inhibitor. 
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Regarding Kumar, Appellant notes that Kumar relates to the fact that sodium selenite 
is a redox cycling agent, and does not disclose methods as recited in Appellant's claims 
which include the recited compounds let alone teach or suggest that compounds having a 
structure such as ebselen would be a substrate, an inhibitor or most likely not show any 
reactivity. 

Appellant submits that Arteel does not teach any methods wherein ebselen is used as 
a substrate for thioredoxin reductase. Arteel performs experiments with respect to the 
activity of mammalian thioredoxin reductase using a peroxynitrite reductase. Thus, at page 
264, at the bottom of the left-hand column, Arteel discloses, "Here we investigated whether 
mammalian TR [thioredoxin reductase] can ftmction as a peroxynitrite reductase." In 
performing the study, as disclosed in the Results section at page 265, left-hand column, 
Arteel inftises peroxynitrite to maintain a 0.2 pM steady-state concentration in potassium 
phosphate buffer. Arteel uses benzoate hydroxylation and nitrite formation as indices of 
oxidation reactions of peroxynitrite and of peroxynitrite reduction, Arteel particularly notes 
that when selenocystine or ebselen are present in the reaction mixture, there is a significant 
suppression of benzoate hydroxylation and an increase in nitrite formation until the NAPDH 
was oxidized. Arteel particularly specifies that the addition of thioredoxin did not enhance 
these effects (page 264, in the Abstract). Moreover, on page 265, right-hand column, Arteel 
discloses that. "Addition of TR to ebselen had no effect under these conditions (Y)." 

Therefore, Arteel should be considered to be nonenabling for processes wherein 
thioredoxin is present as Arteel does not teach or suggest any need for having the thioredoxin 
present in the reaction. 
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Appellant further notes the prior art at most teaches that ebselen is an inhibitor of 
thioredoxin reductase, and that ebselen selenoxide can be a substrate. However, Appellant's 
claimed subject matter does not include ebselen selenoxide. Arteel shows no effect of 
thioredoxin on reduction of ebselen selenoxide by NADPH and thioredoxin reductase. 

To assist a further xmderstanding of Appellant's invention, Appellant notes that 
ebselen has the following formula: 




Ebselen selenoxide has the following formula: 




P 



/ 
O 



Moreover, the reaction of ebselen in Appellant's system does not form ebselen 
selenoxide, the compound disclosed in Arteel, but produces compounds according to the 
following reaction scheme, as disclosed on pages 13 and 14 of Appellant's specification. 




Therefore, summarizing the above, Arteel discloses that: 

(1) Ebselen inhibits thioredoxin reductase, and it is therefore expected that 
addition of ebselen would shut off effects of thioredoxin reductase. 

(2) The strong oxidant peroxynitrite is reduced by thioredoxin reductase provided 
that ebselen is present. The mechanism being that ebselen is oxidized to ebselen 
selenoxide which is reduced by thioredoxin reductase. 

(3) There is no effect by adding thioredoxin. 

In contrast to the prior art utilized in the rejection, the present invention recognizes 
and demonstrates that ebselen is a substrate being reduced by NADPH and thioredoxin 
reductase with a low Km-value meaning that it is a very good substrate undergoing unlimited 
cycles of oxidation/reduction in the presence of hydrogen peroxide without affecting the 
activity of the enzyme. The reduced ebselen is called ebselen selenol and has the Se-N bond 
broken by reduction. The selenol is oxidized back to ebselen by hydrogen peroxide or 
another peroxide and a new cycle starts. The reaction is ultimately driven by NADPH. 
Reduced thioredoxin strongly enhances the thioredoxin reductase reaction which is also 
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proven by determination of the rate of reduction of ebselen by reduced thioredoxin using 
kinetics with tryptophan fluorescence. The result, never seen before, is that ebselen is a very 
efficient oxidant of reduced thioredoxin. 

Thus, Appellant submits that it is by no means clear that ebselen would be a substrate 
for thioredoxin or thioredoxin reductase following any disclosure in Arteel, or any of the 
other documents utilized in the rejection. The substrate used in Artec Ts work is 
selenocysteine, which is different froni the selenocystine of Bjomstedt. 

Appellant respectfully submits that one having ordinary skill in the art would not 
have found it obvious to have combined the disclosures to arrive at the claimed subject 
matter. There is no teaching or suggestion in the documents utilized in the rejection that 
mammalian thioredoxin reductase is a selenoenzyme and there is therefore no possibility of 
deducing that ebselen would be a substrate. In fact, most people testing thioredoxin reductase 
at the time of Appellant's invention would buy the bacterial enzyme, which was 
commercially available from IMCO in Stockholm as the only source and they would have 
seen no reactions with ebselen. Appellant's experiments utilized preparations of mammalian 
thioredoxin reductase from human placenta or calf thymus and with that Appellant observed 
that ebselen is a substrate. An extremely fast reaction with thioredoxin was part of 
Appellant's findings. 

MuUer and Schewe are utilized in the rejection for the assertion that they disclose that 
ebselen mimics glutathione peroxidase. While it may be true that ebselen mimics glutathione 
peroxidase, that is not a major concern relative to Appellant's recited methods as the issue 
relates to the fact that one having ordinary skill in the art at the time of Appellant' invention 



would not have knowledge of ebselen being a thioredoxin reductase substrate, or a 
thioredoxin oxidant. 

There is no supporting disclosure in the documents of record, which documents 
include as an author one of the coinventors of the present application, i.e., Ame Holmgren, 
who is a co-author of Bjomstedt and Kumar, to adequately provide a basis for the rejection. 

There is no reason why one having ordinary skill in the art would arrive at a method 
for reduction of a substrate v^th thioredoxin reductase, comprising combining the 
thioredoxin reductase, the substrate and NADPH in vitro under conditions to reduce the 
substrate, the substrate comprising a substance selected from the group consisting of a 
compound represented by the general formulas recited in claim 13 and a physiologically 
acceptable salt thereof, and a hydrate thereof and a solvate thereof. Further, the rejection 
does not establish that one having ordinary skill in the art would arrive at Appellant's recited 
method in claim 14 for reduction of a substrate with thioredoxin reductase, comprising 
combining the thioredoxin reductase, the substrate and NADPH in vitro under conditions to 
reduce the substrate, the substrate comprising a substance selected from the group consisting 
of 2-phenyl-l,2-benziso-selenazol-3(2H)-one or a ring-opened form thereof and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof Therefore, 
the obviousness rejection is without appropriate basis, and should be withdrawn. 

Accordingly, the obviousness rejection should be withdrawn. 



-40- 



(B) Arguments for Claims 15 and 16 

The rejection of claims 15 and 16 under 35 U.S.C. 103(a) as being unpatentable 
over the combined teachings of Arteel, Bjornstedt and Kumar and in view of MuUer 
and Schewe is in error, the decision of the Examiner to finally reject these claims 
should be reversed, and the application should be remanded to the Examiner. 

Appellant's independent claim 15 is directed to a method of enhancing peroxidase 
activity of thioredoxin reductase, comprising combining NAPDH, thioredoxin reductase, 
thioredoxin and a substrate in vitro under conditions to enhance peroxidase activity of 
thioredoxin reductase, the substrate comprising a substance selected from the group 
consisting of a compound represented by the general formulas recited in claim 15 and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof Claim 1 6 
further recites that the substrate comprises a substance selected from the group consisting of 
2-phenyl- 1 ,2-benziso-selenazol-3(2H)-one (also referred to as ebselen) or a ring-opened form 
thereof and a physiologically acceptable salt thereof, and a hydrate thereof and a solvate 
thereof 



In this ground of rejection, the Examiner contends that: 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to use the process of Arteel et al, and 
Bjornstedt et al, wherein in vitro experiment is expressly done using 
NADPH, selenocystine and thioredoxin similar to claimed herein, by using 
ebselen, as taught by Muller et al and Schewe, because the latter references 
are expressly teaching that ebselen mimics glutathione peroxidase like 
activities, and Kumar et al is expressly teaching that selenite is a substrate for 
thioredoxin reductase and NADPH, and Bjornstedt et al expressly teaching 
that selenium is an essential element to have anti oxidant property, ebselen is 
having glutathione peroxidase like activity in vitro, it is obvious that ebselen 
when reacted with thioredoxin reductase and NADPH, would result in a 
method similar to claimed herein, absent evidence to the contrary. 
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The rejection further contends that: 



Thus, as noted in the rejection, Bjomstedt does not disclose method as 
recited in AppUcants' claims which include the recited compounds let 
alone teach or suggest that compounds having a structure as ebselen would 
be a substrate, an inhibitor or most likely not show any reactivity. 

The rejection further contends referring to Bjomstedt, " it is selenium which is 

important part of the reaction and other reference are expressly teaching that selenium is 
active part, and MuUer is teaching ebselen to be behaving like glutathione peroxidase like 
activity, thus suggesting similar process as claimed herein." 

Still further, referring to Kumar, the rejection notes that the structure is different but 
contends that, "it is selenium that is important and the references are expressly teaching 
equivalence of selenite, ebselen having glutathione peroxidase like activity." 

Regarding Arteel not using ebselen, the rejection asserts that, "it is selenium which is 
important and inasmuch as ebselen is taught in a similar glutathione peroxidase like activity , 
the method claim is obvious as a whole, absent evidence to the contrary. 

In contrast to the Examiner's assertions, Appellant again points out, as argued above, 
that the prior art shows ebselen as being an inhibitor and not a substrate. Therefore, the 
assertions in the rejection that it is selenium that is important and the references expressly 
teaching that selenium is active part is without appropriate basis. The rejection does not 
address that the prior art, such as Arteel and Engman specifically disclose that ebselen is an 
inhibitor. The contention set forth in the rejection that it is selenium that is important is like 
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saying that any compound that contains carbon would be useful to cure a disease merely 
because one compound capable of curing the disease contains carbon. 

Still further, Appellant submits that the rejection is not clear as to how the 
documents are being combined. The rejection does not indicate what is meant by the 
combined teachings of Arteel, Bjomstedt, and Kumar. Moreover, the rejection does not 
explain how the various disclosures can be combined, and how Appellant's process can 
be arrived at when Arteel discloses that ebselen is an inhibitor. Certainly, the rejection 
must address this issue without utilizing Appellant's disclosure to support the rejection. 

Moreover, Appellant notes that, as disclosed in Bjomstedt at page 11761, right 
column, third full paragraph, Bjomstedt is directed to the investigation of whether 
thioredoxin reductase and thioredoxin can reduce lipid hydroperoxides and if low 
molecular weight selenium compounds could act as charge transfer catalysts. Bjomstedt 
discloses that this could be an important alternative pathway for the detoxification of 
hydroperoxides in addition to GSH-Px-mediated reduction. Thus, as noted in the 
rejection, Bjomstedt does not disclose methods as recited in Appellant's claims which 
include the recited compounds let alone teach or suggest that compounds having a 
structure such as ebselen would be a substrate, an inhibitor or most likely not show any 
reactivity. In fact, ebselen is not a substrate for a majority of the world's thioredoxin 
reductases found in all bacteria, plants, yeast, etc. These thioredoxin reductases do not 
reduce ebselen and, in fact, ebselen acts as an inhibitor. 

Regarding Kumar, Appellant notes that Kumar relates to the fact that sodium selenite 
is a redox cycling agent, and does not disclose methods as recited in Appellant's claims 
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which include the recited compounds let alone teach or suggest that compounds having a 
structure such as ebselen would be a substrate, an inhibitor or most likely not show any 
reactivity. 

Appellant submits that Arteel does not teach any methods wherein ebselen is used as 
a substrate for thioredoxin reductase. Arteel performs experiments with respect to the 
activity of mammalian thioredoxin reductase using a peroxynitrite reductase. Thus, at page 
264, at the bottom of the left-hand column, Arteel discloses, "Here we investigated whether 
mammalian TR [thioredoxin reductase] can fijnction as a peroxynitrite reductase." In 
performing the study, as disclosed in the Results section at page 265, left-hand column, 
Arteel infiises peroxynitrite to maintain a 0.2 pM steady-state concentration in potassium 
phosphate buffer. Arteel uses benzoate hydroxylation and nitrite formation as indices of 
oxidation reactions of peroxynitrite and of peroxynitrite reduction. Arteel particularly notes 
that when selenocystine or ebselen are present in the reaction mixture, there is a significant 
suppression of benzoate hydroxylation and an increase in nitrite formation until the NAPDH 
was oxidized. Arteel particularly specifies that the addition of thioredoxin did not enhance 
these effects (page 264, in the Abstract). Moreover, on page 265, right-hand column, Arteel 
discloses that. "Addition of TR to ebselen had no effect under these conditions (Y)." 

Therefore, Arteel should be considered to be nonenabling for processes wherein 
thioredoxin is present as Arteel does not teach or suggest any need for having the thioredoxin 
present in the reaction. 

Appellant fiirther notes the prior art at most teaches that ebselen is an inhibitor of 
thioredoxin reductase, and that ebselen selenoxide can be a substrate. However, Appellant's 
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claimed subject matter does not include ebselen selenoxide. Arteel shows no effect of 
thioredoxin on reduction of ebselen selenoxide by NADPH and thioredoxin reductase. 

To assist a further understanding of Appellant's invention, Appellant notes that 
ebselen has the following formula: 




Ebselen selenoxide has the following formula: 




/ 



O 

Moreover, the reaction of ebselen in Appellant's system does not form ebselen 
selenoxide, the compound disclosed in Arteel, but produces compounds according to the 
following reaction scheme, as disclosed on pages 13 and 14 of Appellant's specification. 




NADPH+H* NADP* 




Therefore, summarizing the above, Arteel discloses that: 

(1) Ebselen inhibits thioredoxin reductase, and it is therefore expected that 
addition of ebselen would shut off effects of thioredoxin reductase. 

(2) The strong oxidant peroxynitrite is reduced by thioredoxin reductase provided 
that ebselen is present. The mechanism being that ebselen is oxidized to ebselen 
selenoxide which is reduced by thioredoxin reductase. 

(3) There is no effect by adding thioredoxin. 

In contrast to the prior art utilized in the rejection, the present invention recognizes 
and demonstrates that ebselen is a substrate being reduced by NADPH and thioredoxin 
reductase with a low Km-value meaning that it is a very good substrate undergoing unlimited 
cycles of oxidation/reduction in the presence of hydrogen peroxide without affecting the 
activity of the enzyme. The reduced ebselen is called ebselen selenol and has the Se-N bond 
broken by reduction. The selenol is oxidized back to ebselen by hydrogen peroxide or 
another peroxide and a new cycle starts. The reaction is ultimately driven by NADPH. 
Reduced thioredoxin strongly enhances the thioredoxin reductase reaction which is also 
proven by determination of the rate of reduction of ebselen by reduced thioredoxin using 
kinetics with tryptophan fluorescence. The result, never seen before, is that ebselen is a very 
efficient oxidant of reduced thioredoxin. 

Thus, Appellant submits that it is by no means clear that ebselen would be a substrate 
for thioredoxin or thioredoxin reductase following any disclosure in Arteel, or any of the 
other documents utilized in the rejection. The substrate used in Arteel's work is 
selenocysteine, which is different from the selenocystine of Bjomstedt. 



Appellant respectfully submits that one having ordinary skill in the art would not 
have found it obvious to have combined the disclosures to arrive at the claimed subject 
matter. There is no teaching or suggestion in the documents utilized in the rejection that 
mammalian thioredoxin reductase is a selenoenzyme and there is therefore no possibility of 
deducing that ebselen would be a substrate. In fact, most people testing thioredoxin reductase 
at the time of Appellant's invention would buy the bacterial enzyme, which was 
commercially available from IMCO in Stockholm as the only source and they would have 
seen no reactions with ebselen. Appellant's experiments utilized preparations of mammalian 
thioredoxin reductase from human placenta or calf thymus and with that Appellant observed 
that ebselen is a substrate. An extremely fast reaction with thioredoxin was part of 
Appellant's findings. 

Muller and Schewe are utilized in the rejection for the assertion that they disclose that 
ebselen mimics glutathione peroxidase. While it may be true that ebselen mimics glutathione 
peroxidase, that is not a major concern relative to Appellant's recited methods as the issue 
relates to the fact that one having ordinary skill in the art at the time of Appellant' invention 
would not have knowledge of ebselen being a thioredoxin reductase substrate, or a 
thioredoxin oxidant. 

There is no supporting disclosure in the documents of record, which documents 
include as an author one of the coinventors of the present application, i.e., Ame Holmgren, 
who is a co-author of Bjomstedt and Kumar, to adequately provide a basis for the rejection. 

There is no reason why one having ordinary skill in the art would arrive at a method 
of enhancing peroxidase activity of thioredoxin reductase, comprising combining NAPDH, 
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thioredoxin reductase, thioredoxin and a substrate in vitro under conditions to enhance 
peroxidase activity of thioredoxin reductase, the substrate comprising a substance selected 
from the group consisting of a compound represented by the general formulas recited in 
claim 15 and a physiologically acceptable salt thereof, and a hydrate thereof and a solvate 
thereof Further, the rejection does not establish that one having ordinary skill in the art 
would arrive at Appellant's recited method in claim 16 which further recites that the 
substrate comprises a substance selected from the group consisting of 2-phenyM,2-benziso- 
selenazol-3(2H)-one (also referred to as ebselen) or a ring-opened form thereof and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof Therefore, 
the obviousness rejection is without appropriate basis, and should be withdravra. 
Accordingly, the obviousness rejection should be withdrawn. 

(C) Arguments for Claims 17 and 26 

The rejection of claims 17 and 26 under 35 U.S.C. 103(a) as being unpatentable 
over the combined teachings of Arteel, Bjornstedt and Kumar and in view of MuUer 
and Schewe is in error, the decision of the Examiner to finally reject these claims 
should be reversed, and the application should be remanded to the Examiner. 

Appellant's independent claim 17 is directed to a method of oxidizing reduced 
thioredoxin by a substrate, the method comprising combining reduced thioredoxin and a 
substrate in vitro under conditions to oxidize the reduced thioredoxin with the substrate, the 
substrate comprising a substance selected from the group consisting of a compound 
represented by the general formulas recited in claim 1 7 and a physiologically acceptable salt 
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thereof, and a hydrate thereof and a solvate thereof. Claim 26 further recites that the 
substrate comprises a substance selected from the group consisting of 2-phenyl-l,2-benziso- 
selenazol-3(2H)-one (also referred to as ebselen) or a ring-opened form thereof and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof 
In this ground of rejection, the Examiner contends that: 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to use the process of Arteel et al, and 
Bjomstedt et al, wherein in vitro experiment is expressly done using 
NADPH, selenocystine and thioredoxin similar to claimed herein, by using 
ebselen, as taught by MuUer et al and Schewe, because the latter references 
are expressly teaching that ebselen mimics glutathione peroxidase like 
activities, and Kumar et al is expressly teaching that selenite is a substrate for 
thioredoxin reductase and NADPH, and Bjomstedt et al expressly teaching 
that selenium is an essential element to have anti oxidant property, ebselen is 
having glutathione peroxidase like activity in vitro, it is obvious that ebselen 
when reacted with thioredoxin reductase and NADPH, would result in a 
method similar to claimed herein, absent evidence to the contrary. 



The rejection further contends that: 



Thus, as noted in the rejection, Bjomstedt does not disclose method as 
recited in Applicants' claims which include the recited compounds let 
alone teach or suggest that compounds having a structure as ebselen would 
be a substrate, an inhibitor or most likely not show any reactivity. 

The rejection further contends referring to Bjomstedt, " it is selenium which is 

important part of the reaction and other reference are expressly teaching that selenium is 
active part, and Muller is teaching ebselen to be behaving like glutathione peroxidase like 
activity, thus suggesting similar process as claimed herein." 
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Still further, referring to Kumar, the rejection notes that the structure is different but 
contends that, "it is selenium that is important and the references are expressly teaching 
equivalence of selenite, ebselen having glutathione peroxidase like activity." 

Regarding Arteel not using ebselen, the rejection asserts that, "it is selenium which is 
important and inasmuch as ebselen is taught in a similar glutathione peroxidase like activity , 
the method claim is obvious as a whole, absent evidence to the contrary. 

In contrast to the Examiner's assertions, Appellant again points out, as argued above, 
that the prior art shows ebselen as being an inhibitor and not a substrate. Therefore, the 
assertions in the rejection that it is selenium that is important and the references expressly 
teaching that selenium is active part is without appropriate basis. The rejection does not 
address that the prior art, such as Arteel and Engman specifically disclose that ebselen is an 
inhibitor. The contention set forth in the rejection that it is selenium that is important is like 
saying that any compound that contains carbon would be useful to cure a disease merely 
because one compound capable of curing the disease contains carbon. 

Still further, Appellant submits that the rejection is not clear as to how the 
documents are being combined. The rejection does not indicate what is meant by the 
combined teachings of Arteel, Bjomstedt, and Kumar. Moreover, the rejection does not 
explain how the various disclosures can be combined, and how Appellant's process can 
be arrived at when Arteel discloses that ebselen is an inhibitor. Certainly, the rejection 
must address this issue without utilizing Appellant's disclosure to support the rejection. 

Moreover, Appellant notes that,, as disclosed in Bjomstedt at page 1 1 761 , right 
colunrm, third full paragraph, Bjomstedt is directed to the investigation of whether 
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thioredoxin reductase and thioredoxin can reduce lipid hydroperoxides and if low 
molecular weight selenium compounds could act as charge transfer catalysts. Bjomstedt 
discloses that this could be an important alternative pathway for the detoxification of 
hydroperoxides in addition to GSH-Px-mediated reduction. Thus, as noted in the 
rejection, Bjomstedt does not disclose methods as recited in Appellant's claims which 
include the recited compounds let alone teach or suggest that compounds having a 
structure such as ebselen would be a substrate, an inhibitor or most likely not show any 
reactivity. In fact, ebselen is not a substrate for a majority of the world's thioredoxin 
reductases found in all bacteria, plants, yeast, etc. These thioredoxin reductases do not 
reduce ebselen and, in fact, ebselen acts as an inhibitor. 

Regarding Kumar, Appellant notes that Kumar relates to the fact that sodium selenite 
is a redox cycling agent, and does not disclose methods as recited in Appellant's claims 
which include the recited compounds let alone teach or suggest that compounds having a 
structure such as ebselen would be a substrate, an inhibitor or most likely not show any 
reactivity. 

Appellant submits that Arteel does not teach any methods wherein ebselen is used as 
a substrate for thioredoxin reductase. Arteel performs experiments with respect to the 
activity of mammalian thioredoxin reductase using a peroxynitrite reductase. Thus, at page 
264, at the bottom of the left-hand column, Arteel discloses, "Here we investigated whether 
mammalian TR [thioredoxin reductase] can function as a peroxynitrite reductase." In 
performing the study, as disclosed in the Results section at page 265, left-hand column, 
Arteel inftises peroxynitrite to maintain a 0.2 pM steady-state concentration in potassium 



phosphate buffer. Arteel uses benzoate hydroxylation and nitrite formation as indices of 
oxidation reactions of peroxynitrite and of peroxynitrite reduction. Arteel particularly notes 
that when selenocystine or ebselen are present in the reaction mixture, there is a significant 
suppression of benzoate hydroxylation and an increase in nitrite formation until the NAPDH 
was oxidized. Arteel particularly specifies that the addition of thioredoxin did not enhance 
these effects (page 264, in the Abstract). Moreover, on page 265, right-hand column, Arteel 
discloses that. "Addition of TR to ebselen had no effect under these conditions (Y)." 

Therefore, Arteel should be considered to be nonenabling for processes wherein 
thioredoxin is present as Arteel does not teach or suggest any need for having the thioredoxin 
present in the reaction. 

Appellant further notes the prior art at most teaches that ebselen is an inhibitor of 
thioredoxin reductase, and that ebselen selenoxide can be a substrate. However, Appellant's 
claimed subject matter does not include ebselen selenoxide. Arteel shows no effect of 
thioredoxin on reduction of ebselen selenoxide by NADPH and thioredoxin reductase. 

To assist a fiirther understanding of Appellant's invention, Appellant notes that 
ebselen has the following formula: 
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Ebselen selenoxide has the following formula: 




/ 
O 



Moreover, the reaction of ebselen in Appellant's system does not form ebselen 
selenoxide, the compound disclosed in Arteel, but produces compoxmds according to the 
following reaction scheme, as disclosed on pages 13 and 14 of Appellant's specification. 




NADPH+H* NADP* 




Therefore, summarizing the above, Arteel discloses that: 

(1) Ebselen inhibits thioredoxin reductase, and it is therefore expected that 
addition of ebselen would shut off effects of thioredoxin reductase. 

(2) The strong oxidant peroxynitrite is reduced by thioredoxin reductase provided 
that ebselen is present. The mechanism being that ebselen is oxidized to ebselen 
selenoxide which is reduced by thioredoxin reductase. 
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(3) There is no effect by adding thioredoxin. 

In contrast to the prior art utilized in the rejection, the present invention recognizes 
and demonstrates that ebselen is a substrate being reduced by NADPH and thioredoxin 
reductase with a low Km-value meaning that it is a very good substrate undergoing unlimited 
cycles of oxidation/reduction in the presence of hydrogen peroxide without affecting the 
activity of the enzyme. The reduced ebselen is called ebselen selenol and has the Se-N bond 
broken by reduction. The selenol is oxidized back to ebselen by hydrogen peroxide or 
another peroxide and a new cycle starts. The reaction is ultimately driven by NADPH. 
Reduced thioredoxin strongly enhances the thioredoxin reductase reaction which is also 
proven by determination of the rate of reduction of ebselen by reduced thioredoxin using 
kinetics with tryptophan fluorescence. The result, never seen before, is that ebselen is a very 
efficient oxidant of reduced thioredoxin. 

Thus, Appellant submits that it is by no means clear that ebselen would be a substrate 
for thioredoxin or thioredoxin reductase following any disclosure in Arteel, or any of the 
other documents utilized in the rejection. The substrate used in Artec I's work is 
selenocysteine, which is different from the selenocystine of Bjomstedt. 

Appellant respectfully submits that one having ordinary skill in the art would not 
have found it obvious to have combined the disclosures to arrive at the claimed subject 
matter. There is no teaching or suggestion in the documents utilized in the rejection that 
mammalian thioredoxin reductase is a selenoenzyme and there is therefore no possibility of 
deducing that ebselen would be a substrate. In fact, most people testing thioredoxin reductase 
at the time of Appellant's invention would buy the bacterial enzyme, which was 
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commercially available from IMCO in Stockholm as the only source and they would have 
seen no reactions with ebselen. Appellant's experiments utilized preparations of mammalian 
thioredoxin reductase from human placenta or calf thymus and with that Appellant observed 
that ebselen is a substrate. An extremely fast reaction with thioredoxin was part of 
Appellant's findings. 

MuUer and Schewe are utilized in the rejection for the assertion that they disclose that 
ebselen mimics glutathione peroxidase. While it may be true that ebselen mimics glutathione 
peroxidase, that is not a major concern relative to Appellant's recited methods as the issue 
relates to the fact that one having ordinary skill in the art at the time of Appellant' invention 
would not have knowledge of ebselen being a thioredoxin reductase substrate, or a 
thioredoxin oxidant. 

There is no supporting disclosure in the documents of record, which documents 
include as an author one of the coinventors of the present application, i.e., Ame Holmgren, 
who is a co-author of Bjomstedt and Kumar, to adequately provide a basis for the rejection. 

There is no reason why one having ordinary skill in the art would arrive at a method 
of oxidizing reduced thioredoxin by a substrate, the method comprising combining reduced 
thioredoxin and a substrate in vitro tmder conditions to oxidize the reduced thioredoxin with 
the substrate, the substrate comprising a substance selected from the group consisting of a 
compound represented by the general formulas recited in claim 17 and a physiologically 
acceptable salt thereof, and a hydrate thereof and a solvate thereof. Further, the rejection 
does not establish that one having ordinary skill in the art would arrive at Appellant's recited 
method in claim 26 which further recites that the substrate comprises a substance selected 
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from the group consisting of 2-phenyl-l,2-benziso-selenazol-3(2H)-one (also referred to as 
ebselen) or a ring-opened form thereof and a physiologically acceptable salt thereof, and a 
hydrate thereof and a solvate thereof Therefore, the obviousness rejection is without 
appropriate basis, and should be withdravm. 

Accordingly, the obviousness rejection should be withdravm. 

(D) Arguments for Claims 18 and 27 

The rejection of claims 18 and 27 under 35 U.S.C. 103(a) as being unpatentable 
over the combined teachings of Arteel, Bjornstedt and Kumar and in view of MuUer 
and Schewe is in error, the decision of the Examiner to finally reject these claims 
should be reversed, and the application should be remanded to the Examiner. 

Appellant's independent claim 18 is directed to a method for reducing a peroxide 
comprising combining thioredoxin, thioredoxin reductase, NAPDH and a substrate in vitro 
under conditions to reduce the peroxide, the substrate comprising a substance selected from 
the group consisting of a compound represented by the general formulas recited in claim 1 8 
and a physiologically acceptable sah thereof, and a hydrate thereof and a solvate thereof. 
Claim 27 further recites that the substrate comprises a substance selected from the group 
consisting of 2-phenyl-l,2-benziso-selehazol-3(2H)-one (also referred to as ebselen) or a 
ring-opened form thereof and a physiologically acceptable salt thereof, and a hydrate thereof 
and a solvate thereof. 

In this ground of rejection, the Examiner contends that: 

It v^ould have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to use the process of Arteel et al, and 



*-> 

* t 

Bjomstedt et al, wherein in vitro experiment is expressly done using 
NADPH, selenocystine and thioredoxin similar to claimed herein, by using 
ebselen, as taught by MuUer et al and Schewe, because the latter references 
are expressly teaching that ebselen mimics glutathione peroxidase like 
activities, and Kumar et al is expressly teaching that selenite is a substrate for 
thioredoxin reductase and NADPH, and Bjomstedt et al expressly teaching 
that selenium is an essential element to have anti oxidant property, ebselen is 
having glutathione peroxidase like activity in vitro, it is obvious that ebselen 
when reacted with thioredoxin reductase and NADPH, would result in a 
method similar to claimed herein, absent evidence to the contrary. 

The rejection further contends that: 

Thus, as noted in the rejection, Bjomstedt does not disclose method as 
recited in Applicants' claims which include the recited compounds let 
alone teach or suggest that compounds having a structure as ebselen would 
be a substrate, an inhibitor or most likely not show any reactivity. 

The rejection further contends referring to Bjomstedt, " it is selenium which is 

important part of the reaction and other reference are expressly teaching that selenium is 
active part, and MuUer is teaching ebselen to be behaving like glutathione peroxidase like 
activity, thus suggesting similar process as claimed herein." 

Still further, referring to Kumar et al., the rejection notes that the structure is different 
but contends that, "it is selenium that is important and the references are expressly teaching 
equivalence of selenite, ebselen having glutathione peroxidase like activity." 

Regarding Arteel not using ebselen, the rejection asserts that, "it is selenium which is 
important and inasmuch as ebselen is taught in a similar glutathione peroxidase like activity , 
the method claim is obvious as a whole, absent evidence to the contrary. 

In contrast to the Examiner's assertions. Appellant again points out, as argued above, 
that the prior art shows ebselen as being an inhibitor and not a substrate. Therefore, the 
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assertions in the rejection that it is selenium that is important and the references expressly 
teaching that selenium is active part is without appropriate basis. The rejection does not 
address that the prior art, such as Arteel and Engman specifically disclose that ebselen is an 
inhibitor. The contention set forth in the rejection that it is selenium that is important is like 
saying that any compound that contains carbon would be useful to cure a disease merely 
because one compound capable of curing the disease contains carbon. 

Still further. Appellant submits that the rejection is not clear as to how the 
documents are being combined. The rejection does not indicate what is meant by the 
combined teachings of Arteel, Bjomstedt, and Kumar. Moreover, the rejection does not 
explain how the various disclosures can be combined, and how Appellant's process can 
be arrived at when Arteel discloses that ebselen is an inhibitor. Certainly, the rejection 
must address this issue without utilizing Appellant's disclosure to support the rejection. 

Moreover, Appellant notes that, as disclosed in Bjomstedt at page 1 1761, right 
column, third full paragraph, Bjomstedt is directed to the investigation of whether 
thioredoxin reductase and thioredoxin can reduce lipid hydroperoxides and if low 
molecular weight selenium compounds could act as charge transfer catalysts. Bjomstedt 
discloses that this could be an important altemative pathway for the detoxification of 
hydroperoxides in addition to GSH-PxTmediated reduction. Thus, as noted in the 
rejection, Bjomstedt does not disclose methods as recited in Appellant's claims which 
include the recited compounds let alone teach or suggest that compounds having a 
stmcture such as ebselen would be a substrate, an inhibitor or most likely not show any 
reactivity. In fact, ebselen is not a substrate for a majority of the world's thioredoxin 
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reductases found in all bacteria, plants, yeast, etc. These thioredoxin reductases do not 
reduce ebselen and, in fact, ebselen acts as an inhibitor. 

Regarding Kumar, Appellant notes that Kumar relates to the fact that sodium selenite 
is a redox cycling agent, and does not disclose methods as recited in Appellant's claims 
which include the recited compounds let alone teach or suggest that compounds having a 
structure such as ebselen would be a substrate, an inhibitor or most likely not show any 
reactivity. 

Appellant submits that Arteel does not teach any methods wherein ebselen is used as 
a substrate for thioredoxin reductase. Arteel performs experiments with respect to the 
activity of mammalian thioredoxin reductase using a peroxynitrite reductase. Thus, at page 
264, at the bottom of the left-hand column, Arteel discloses, "Here we investigated whether 
mammalian TR [thioredoxin reductase] can function as a peroxynitrite reductase." In 
performing the study, as disclosed in the Results section at page 265, left-hand column, 
Arteel infiises peroxynitrite to maintain a 0.2 pM steady-state concentration in potassium 
phosphate buffer. Arteel uses benzoate hydroxylation and nitrite formation as indices of 
oxidation reactions of peroxynitrite and of peroxynitrite reduction. Arteel particularly notes 
that when selenocystine or ebselen are present in the reaction mixture, there is a significant 
suppression of benzoate hydroxylation and an increase in nitrite formation until the NAPDH 
was oxidized. Arteel particularly specifies that the addition of thioredoxin did not enhance 
these effects (page 264, in the Abstract). Moreover, on page 265, right-hand column, Arteel 
discloses that. "Addition of TR to ebselen had no effect under these conditions (Y)." 
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Therefore, Arteel should be considered to be nonenabling for processes wherein 
thioredoxin is present as Arteel does not teach or suggest any need for having the thioredoxin 
present in the reaction. 

Appellant further notes the prior art at most teaches that ebselen is an inhibitor of 
thioredoxin reductase, and that ebselen selenoxide can be a substrate. However, Appellant's 
claimed subject matter does not include ebselen selenoxide. Arteel shows no effect of 
thioredoxin on reduction of ebselen selenoxide by NADPH and thioredoxin reductase. 

To assist a further understanding of Appellant's invention, Appellant notes that 
ebselen has the following formula: 



selenoxide, the compound disclosed in Arteel, but produces compounds according to the 
following reaction scheme, as disclosed on pages 13 and 14 of Appellant's specification. 




Ebselen selenoxide has the following formula: 




Moreover, the reaction of ebselen in Appellant's system does not form ebselen 
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NADPH+H* NADP* 




Therefore, summarizing the above, Arteel discloses that: 

(1) Ebselen inhibits thioredoxin reductase, and it is therefore expected that 
addition of ebselen would shut off effects of thioredoxin reductase. 

(2) The strong oxidant peroxynitrite is reduced by thioredoxin reductase provided 
that ebselen is present. The mechanism being that ebselen is oxidized to ebselen 
selenoxide which is reduced by thioredoxin reductase. 

(3) There is no effect by adding thioredoxin. 

In contrast to the prior art utilized in the rejection, the present invention recognizes 
and demonstrates that ebselen is a substrate being reduced by NADPH and thioredoxin 
reductase with a low Km-value meaning that it is a very good substrate undergoing unlimited 
cycles of oxidation/reduction in the presence of hydrogen peroxide without affecting the 
activity of the enzyme. The reduced ebselen is called ebselen selenol and has the Se-N bond 
broken by reduction. The selenol is oxidized back to ebselen by hydrogen peroxide or 
another peroxide and a new cycle starts. The reaction is ultimately driven by NADPH. 
Reduced thioredoxin strongly enhances the thioredoxin reductase reaction which is also 
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proven by determination of the rate of reduction of ebselen by reduced thioredoxin using 
kinetics with tryptophan fluorescence. The result, never seen before, is that ebselen is a very 
efficient oxidant of reduced thioredoxin. 

Thus, Appellant submits that it is by no means clear that ebselen would be a substrate 
for thioredoxin or thioredoxin reductase following any disclosure in Arteel, or any of the 
other documents utilized in the rejection. The substrate used in Artec I's work is 
selenocysteine, which is different from the selenocystine of Bjomstedt. 

Appellant respectfully submits that one having ordinary skill in the art would not 
have fovmd it obvious to have combined the disclosures to arrive at the claimed subject 
matter. There is no teaching or suggestion in the documents utilized in the rejection that 
mammalian thioredoxin reductase is a selenoenzyme and there is therefore no possibility of 
deducing that ebselen would be a substrate. In fact, most people testing thioredoxin reductase 
at the time of Appellant's invention would buy the bacterial enzyme, which was 
commercially available from IMCO in Stockholm as the only source and they would have 
seen no reactions with ebselen. Appellant's experiments utilized preparations of mammalian 
thioredoxin reductase from human placenta or calf thymus and with that Appellant observed 
that ebselen is a substrate. An extremely fast reaction with thioredoxin was part of 
Appellant's findings. 

Muller and Schewe are utilized in the rejection for the assertion that they disclose that 
ebselen mimics glutathione peroxidase. While it may be true that ebselen mimics glutathione 
peroxidase, that is not a major concern relative to Appellant's recited methods as the issue 
relates to the fact that one having ordinary skill in the art at the time of Appellant' invention 
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would not have knowledge of ebselen being a thioredoxin reductase substrate, or a 
thioredoxin oxidant. 

There is no supporting disclosure in the documents of record, which documents 
include as an author one of the coinventors of the present application, i.e., Ame Holmgren, 
who is a co-author of Bjomstedt and Kumar, to adequately provide a basis for the rejection. 

There is no reason why one having ordinary skill in the art would arrive at a method 
for reducing a peroxide comprising combining thioredoxin, thioredoxin reductase, NAPDH 
and a substrate in vitro under conditions to reduce the peroxide, the substrate comprising a 
substance selected from the group consisting of a compound represented by the general 
formulas recited in claim 18 and a physiologically acceptable salt thereof, and a hydrate 
thereof and a solvate thereof. Further, the rejection does not establish that one having 
ordinary skill in the art would arrive at Appellant's recited method in claim 27 which further 
recites that the substrate comprises a substance selected from the group consisting of 2- 
phenyl-l,2-benzisO"Selenazol-3(2H)-one (also referred to as ebselen) or a ring-opened form 
thereof and a physiologically acceptable salt thereof, and a hydrate thereof and a solvate 
thereof Therefore, the obviousness rejection is without appropriate basis, and should be 
withdrawn. 

Accordingly, the obviousness rejection should be withdrawn. 
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(E) Arguments for Claims 19 and 28 



The rejection of claims 19 and 28 under 35 U.S.C. 103(a) as being unpatentable 
over the combined teachings of Arteel, Bjornstedt and Kumar and in view of MuUer 
and Schewe is in error, the decision of the Examiner to finally reject these claims 
should be reversed, and the application should be remanded to the Examiner. 

Appellant's independent claim 19 is directed to a method of preventing peroxidation 
of a substance comprising combining thioredoxin, thioredoxin reductase and NADPH with a 
substrate in vitro under conditions to prevent peroxidation of the substance , the substrate 
being selected from the group consisting of a compound represented by the general formulas 
recited in claim 19 and a physiologically acceptable salt thereof, and a hydrate thereof and a 
solvate thereof, and a hydrate thereof and a solvate thereof Claim 28 further recites that the 
substrate comprises a substance selected from the group consisting of 2-phenyl-l ,2-benziso- 
selenazol-3(2H)-one (also referred to as ebselen) or a ring-opened form thereof and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof. 

In this ground of rejection, the Examiner contends that: 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to use the process of Arteel et al, and 
Bjornstedt et al, wherein in vitro experiment is expressly done using 
NADPH, selenocystine and thioredoxin similar to claimed herein, by using 
ebselen, as taught by MuUer et al and Schewe, because the latter references 
are expressly teaching that ebselen mimics glutathione peroxidase like 
activities, and Kumar et al is expressly teaching that selenite is a substrate for 
thioredoxin reductase and NADPH, and Bjornstedt et al expressly teaching 
that selenium is an essential element to have anti oxidant property, ebselen is 
having glutathione peroxidase like activity in vitro, it is obvious that ebselen 
when reacted with thioredoxin reductase and NADPH, would result in a 
method similar to claimed herein, absent evidence to the contrary. 
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The rejection further contends that: 

Thus, as noted in the rejection, Bjomstedt does not disclose method as 
recited in AppHcants' claims which include the recited compounds let 
alone teach or suggest that compounds having a structure as ebselen would 
be a substrate, an inhibitor or most likely not show any reactivity. 

The rejection further contends referring to Bjomstedt, " it is selenium which is 

important part of the reaction and other reference are expressly teaching that selenium is 
active part, and Muller is teaching ebselen to be behaving like glutathione peroxidase like 
activity, thus suggesting similar process as claimed herein." 

Still further, referring to Kumar et al., the rejection notes that the structure is different 
but contends that, "it is selenium that is important and the references are expressly teaching 
equivalence of selenite, ebselen having glutathione peroxidase like activity." 

Regarding Arteel not using ebselen, the rejection asserts that, "it is selenium which is 
important and inasmuch as ebselen is taught in a similar glutathione peroxidase like activity , 
the method claim is obvious as a whole, absent evidence to the contrary. 

In contrast to the Examiner's assertions. Appellant again points out, as argued above, 
that the prior art shows ebselen as being an inhibitor and not a substrate. Therefore, the 
assertions in the rejection that it is selenium that is important and the references expressly 
teaching that selenium is active part is without appropriate basis. The rejection does not 
address that the prior art, such as Arteel and Engman specifically disclose that ebselen is an 
inhibitor. The contention set forth in the rejection that it is selenium that is important is like 
saying that any compound that contains carbon would be useful to cure a disease merely 
because one compound capable of curing the disease contains carbon. 



Still further. Appellant submits that the rejection is not clear as to how the 
documents are being combined. The rejection does not indicate what is meant by the 
combined teachings of Arteel, Bjomstedt, and Kumar. Moreover, the rejection does not 
explain how the various disclosures can be combined, and how Appellant's process can 
be arrived at when Arteel discloses that ebselen is an inhibitor. Certainly, the rejection 
must address this issue without utilizing Appellant's disclosure to support the rejection. 

Moreover, Appellant notes that, as disclosed in Bjomstedt at page 1 1761, right 
column, third full paragraph, Bjomstedt is directed to the investigation of whether 
thioredoxin reductase and thioredoxin can reduce lipid hydroperoxides and if low 
molecular weight selenium compoimds could act as charge transfer catalysts. Bjomstedt 
discloses that this could be an important alternative pathway for the detoxification of 
hydroperoxides in addition to GSH-Px-mediated reduction. Thus, as noted in the 
rejection, Bjomstedt does not disclose methods as recited in Appellant's claims which 
include the recited compounds let alone teach or suggest that compoimds having a 
structure such as ebselen would be a substrate, an inhibitor or most likely not show any 
reactivity. In fact, ebselen is not a substrate for a majority of the world's thioredoxin 
reductases found in all bacteria, plants, yeast, etc. These thioredoxin reductases do not 
reduce ebselen and, in fact, ebselen acts as an inhibitor. 

Regarding Kimiar, Appellant notes that Kumar relates to the fact that sodium selenite 
is a redox' cycling agent, and does not disclose methods as recited in Appellant's claims 
which include the recited compounds let alone teach or suggest that compounds having a 
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structure such as ebselen would be a substrate, an inhibitor or most Ukely not show any 
reactivity. 

Appellant submits that Arteel does not teach any methods wherein ebselen is used as 
a substrate for thioredoxin reductase. Arteel performs experiments with respect to the 
activity of mammalian thioredoxin reductase using a peroxynitrite reductase. Thus, at page 
264, at the bottom of the left-hand column, Arteel discloses, "Here we investigated whether 
mammalian TR [thioredoxin reductase] can fimction as a peroxynitrite reductase." In 
performing the study, as disclosed in the Results section at page 265, left-hand column, 
Arteel inftises peroxynitrite to maintain a 0.2 pM steady-state concentration in potassium 
phosphate buffer. Arteel uses benzoate hydroxylation and nitrite formation as indices of 
oxidation reactions of peroxynitrite and of peroxynitrite reduction. Arteel particularly notes 
that when selenocystine or ebselen are present in the reaction mixture, there is a significant 
suppression of benzoate hydroxylation and an increase in nitrite formation until the NAPDH 
was oxidized. Arteel particularly specifies that the addition of thioredoxin did not enhance 
these effects (page 264, in the Abstract): Moreover, on page 265, right-hand column, Arteel 
discloses that. "Addition of TR to ebselen had no effect under these conditions (Y)." 

Therefore, Arteel should be considered to be nonenabling for processes wherein 
thioredoxin is present as Arteel does not teach or suggest any need for having the thioredoxin 
present in the reaction. 

Appellant fiirther notes the prior art at most teaches that ebselen is an inhibitor of 
thioredoxin reductase, and that ebselen selenoxide can be a substrate. However, Appellant's 
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claimed subject matter does not include ebselen selenoxide. Arteel shows no effect of 
thioredoxin on reduction of ebselen selenoxide by NADPH and thioredoxin reductase. 

To assist a further understanding of Appellant's invention, Appellant notes that 
ebselen has the following formula: 




Ebselen selenoxide has the following formula: 




/ 



O 

Moreover, the reaction of ebselen in Appellant's system does not form ebselen 
selenoxide, the compound disclosed in Arteel, but produces compounds according to the 
following reaction scheme, as disclosed on pages 13 and 14 of Appellant's specification. 




NADPH+H* NADP* 




Therefore, summarizing the above, Arteel discloses that: 

(1) Ebselen inhibits thioredoxin reductase, and it is therefore expected that 
addition of ebselen would shut off effects of thioredoxin reductase. 

(2) The strong oxidant peroxynitrite is reduced by thioredoxin reductase provided 
that ebselen is present. The mechanism being that ebselen is oxidized to ebselen 
selenoxide which is reduced by thioredoxin reductase. 

(3) There is no effect by adding thioredoxin. 

In contrast to the prior art utilized in the rejection, the present invention recognizes 
and demonstrates that ebselen is a substrate being reduced by NADPH and thioredoxin 
reductase with a low Km- value meaning that it is a very good substrate undergoing unlimited 
cycles of oxidation/reduction in the presence of hydrogen peroxide without affecting the 
activity of the enzyme. The reduced ebselen is called ebselen selenol and has the Se-N bond 
broken by reduction. The selenol is oxidized back to ebselen by hydrogen peroxide or 
another peroxide and a new cycle starts. The reaction is ultimately driven by NADPH. 
Reduced thioredoxin strongly enhances the thioredoxin reductase reaction which is also 
proven by determination of the rate of reduction of ebselen by reduced thioredoxin using 
kinetics with tryptophan fluorescence. The result, never seen before, is that ebselen is a very 
efficient oxidant of reduced thioredoxin. 

Thus, Appellant submits that it is by no means clear that ebselen would be a substrate 
for thioredoxin or thioredoxin reductase following any disclosure in Arteel, or any of the 
other documents utilized in the rejection. The substrate used in Artec I's work is 
selenocysteine, which is different frorn the selenocystine of Bjomstedt. 
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Appellant respectfully submits that one having ordinary skill in the art would not 
have found it obvious to have combined the disclosures to arrive at the claimed subject 
matter. There is no teaching or suggestion in the documents utilized in the rejection that 
mammalian thioredoxin reductase is a selenoenzyme and there is therefore no possibility of 
deducing that ebselen would be a substrate. In fact, most people testing thioredoxin reductase 
at the time of Appellant's invention would buy the bacterial enzyme, which was 
commercially available from IMCO in Stockholm as the only source and they would have 
seen no reactions with ebselen. Appellant's experiments utilized preparations of mammalian 
thioredoxin reductase from human placenta or calf thymus and with that Appellant observed 
that ebselen is a substrate. An extremely fast reaction with thioredoxin was part of 
Appellant's findings. 

MuUer and Schewe are utilized in the rejection for the assertion that they disclose that 
ebselen mimics glutathione peroxidase. While it may be true that ebselen mimics glutathione 
peroxidase, that is not a major concern relative to Appellant's recited methods as the issue 
relates to the fact that one having ordinary skill in the art at the time of Appellant' invention 
would not have knowledge of ebselen being a thioredoxin reductase substrate, or a 
thioredoxin oxidant. 

There is no supporting disclosure in the documents of record, which documents 
include as an author one of the coinventors of the present application, i.e., Ame Holmgren, 
who is a co-author of Bjomstedt and Kumar, to adequately provide a basis for the rejection. 

There is no reason why one having ordinary skill in the art would arrive at a method 
of preventing peroxidation of a substance comprising combining thioredoxin, thioredoxin 



reductase and NADPH with a substrate in vitro under conditions to prevent peroxidation of 
the substance , the substrate being selected from the group consisting of a compound 
represented by the general formulas recited in claim 1 9 and a physiologically acceptable salt 
thereof, and a hydrate thereof and a solvate thereof, and a hydrate thereof and a solvate 
thereof Further, the rejection does not establish that one having ordinary skill in the art 
would arrive at Appellant's recited method in claim 29 which fiirther recites that the 
substrate comprises a substance selected from the group consisting of 2-phenyl-l,2-benziso- 
selenazol-3(2H)-one (also referred to as ebselen) or a ring-opened form thereof and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof Therefore, 
the obviousness rejection is without appropriate basis, and should be withdrawn. 
Accordingly, the obviousness rejection should be withdravra. 

CONCLUSION 

For the reasons set forth above, it is respectfully submitted that the Examiner has failed to 
establish a prima facie case of obviousness, which is a prerequisite for maintaining a rejection under 
35 U.S.C. 103(a). The Board is, therefore, respectfully requested to reverse the Final Rejection, and 
to allow the application to issue in its present form. 
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(VIII) CLAIMS APPENDIX 

Claim 13. A method for reduction of a substrate with thioredoxin reductase, comprising 
combining the thioredoxin reductase, the substrate and NADPH in vitro under conditions to reduce 
the substrate, the substrate comprising a substance selected from the group consisting of a compound 
represented by the following general formula ( 1 ) or ( V) and a physiologically acceptable salt thereof, 
and a hydrate thereof and a solvate thereof: 



Y 




(1) 
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wherein and independently represent a hydrogen atom, a halogen atom, a trifluoromethyl 
group, a nitro group, a CpCe alkyl group, or a CpCa alkoxyl group, or R^ and R^ may combine 
together to represent methylenedioxy group; R^ represents an aryl group, an aromatic heterocyclic 
group, a 5- to 7-membered cycloalkyl group, or a 5- to 7-membered cycloalkenyl group, and the aryl 
group, the aromatic heterocyclic group, the cycloalkyl group, and the cycloalkenyl group may be 
substituted with one or more substituents; R"^ represents a hydrogen atom, a hydroxyl group, a -S- 
glutathione group, a -S- a-amino acid group, or an aralkyl group whose aryl moiety may be 
substituted with one or more substituents; R^ represents a hydrogen atom or a CpCe alkyl group, or 
R^andR^ may combine together to represent single bond; Y represents oxygen atom or sulfur atom; 
n represents an integer of from 0 to 5; and the selenium atom may be oxidized. 

Claim 14. The method according to claim 13 wherein the substrate comprises a substance 
selected from the group consisting of 2-phenyl-l,2-benziso-selenazol-3(2H)-one or a ring-opened 
form thereof and a physiologically acceptable salt thereof, and a hydrate thereof and a solvate 
thereof. 

Claim 15. A method of enhancing peroxidase activity of thioredoxin reductase, comprising 
combining NAPDH, thioredoxin reductase, thioredoxin and a substrate in vitro under conditions to 
enhance peroxidase activity of thioredoxin reductase, the substrate comprising a substance selected 
from the group consisting of a compound represented by the following general formula (1 ) or (1') and 
a physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof: 
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(CH2)n-R^ 



(1) 



Y 




wherein and independently represent a hydrogen atom, a halogen atom, a trifluoromethyl 
group, a nitro group, a C1-C6 alkyl group, or a C\-Ce alkoxyl group, or R^ and R^ may combine 
together to represent methylenedioxy group; R^ represents an aryl group, an aromatic heterocyclic 
group, a 5- to 7-membered cycloalkyl group, or a 5- to 7-membered cycloalkenyl group, and the aryl 
group, the aromatic heterocyclic group, the cycloalkyl group, and the cycloalkenyl group may be 
substituted with one or more substituents; R"* represents a hydrogen atom, a hydroxyl group, a -S- 
glutathione group, a -S- a-amino acid group, or an aralkyl group whose aryl moiety may be 
substituted with one or more substituents; R^ represents a hydrogen atom or a Ci-Ce alkyl group, or 
R"^ and R^ may combine together to represent single bond; Y represents oxygen atom or sulfur atom; 
n represents an integer of from 0 to 5; and the selenium atom may be oxidized. 
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Claim 16. The method according to claim 15 wherein the substrate comprises a substance 
selected from the group consisting of 2-phenyl-l,2'benzisoselenazol-3(2H)-one or a ring-opened 
form thereof and a physiologically acceptable salt thereof, and a hydrate thereof and a solvate 
thereof. 

Claim 1 7. A method of oxidizing reduced thioredoxin by a substrate, the method comprising 
combining reduced thioredoxin and a substrate in vitro under conditions to oxidize the reduced 
thioredoxin with the substrate, the substrate comprising a substance selected from the group 
consisting of a compound represented by the following general formula (1) or (1') and a 
physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof: 



Y 




Y 




wherein and independently represent a hydrogen atom, a halogen atom, a trifluoromethyl 
group, a nitro group, a Ci-Ce alkyl group, or a CrCe alkoxyl group, or R* and R^ may combine 
together to represent methylenedioxy group; R^ represents an aryl group, an aromatic heterocyclic 
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group, a 5- to 7-membered cycloalkyl group, or a 5- to 7-membered cycloalkenyl group, and the aryl 
group, the aromatic heterocyclic group, the cycloalkyl group, and the cycloalkenyl group may be 
substituted with one or more substituents; R"* represents a hydrogen atom, a hydroxyl group, a -S- 
glutathione group, a -S- a-amino acid group, or an aralkyl group whose aryl moiety may be 
substituted with one or more substituents; represents a hydrogen atom or a Ci-Ce alkyl group, or 
R"* and R^ may combine together to represent single bond; Y represents oxygen atom or sulfur atom; 
n represents an integer of from 0 to 5; and the selenium atom may be oxidized. 

Claim 1 8. A method for reducing a peroxide comprising combining thioredoxin, thioredoxin 
reductase, NAPDH and a substrate in vitro under conditions to reduce the peroxide, the substrate 
comprising a substance selected from the group consisting of a compound represented by the 
following general formula (1) or (T) and a physiologically acceptable salt thereof, and a hydrate 
thereof and a solvate thereof: 



Y 
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wherein and independently represent a hydrogen atom, a halogen atom, a 
trifluoromethyl group, a nitro group, a Ci-Ce alkyl group, or a Ci-Ce alkoxyl group, or R^ and 
may combine together to represent methylenedioxy group; R^ represents an aryl group, an 
aromatic heterocyclic group, a 5- to 7-membered cycloalkyl group, or a 5- to 7-membered 
cycloalkenyl group, and the aryl group, the aromatic heterocyclic group, the cycloalkyl group, 
and the cycloalkenyl group may be substituted with one or more substituents; R"^ represents a 
hydrogen atom, a hydroxyl group, a -S-glutathione group, a -S- a-amino acid group, or an 
aralkyl group whose aryl moiety may be substituted with one or more substituents; R^ 
represents a hydrogen atom or a Ci-Ce alkyl group, or R"^ and R^ may combine together to 
represent single bond; Y represents oxygen atom or sulfur atom; n represents an integer of 
from 0 to 5; and the selenium atom may be oxidized. 

Claim 19. A method of preventing peroxidation of a substance comprising 
combining thioredoxin, thioredoxin reductase and NADPH with a substrate in vitro under 
conditions to prevent peroxidation of the substance , the substrate being selected from the 
group consisting of a compoimd represented by the following general formula (1) or (T) and 
a physiologically acceptable salt thereof, and a hydrate thereof and a solvate thereof: 
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(CH2)n-R"' 



(1) 



(1") 

2 

wherein and independently represent a hydrogen atom, a halogen atom, a 
trifluoromethyl group, a nitro group, a CpCa alkyl group, or a Ci-Ce alkoxyl group, or R' and 

r2 may combine together to represent methylenedioxy group; represents an aryl group, an 
aromatic heterocyclic group, a 5- to 7-membered cycloalkyl group, or a 5- to 7-membered 
cycloalkenyl group, and the aryl group, the aromatic heterocycUc group, the cycloalkyl group, 
and the cycloalkenyl group may be substituted with one or more substituents; R"* represents a 
hydrogen atom, a hydroxyl group, a -S-glutathione group, a -S- a-amino acid group, or an 
aralkyl group whose aryl moiety may be substituted with one or more substituents; R^ 
represents a hydrogen atom or a Ci-Ce alkyl group, or R"* and R^ may combine together to 
represent single bond; Y represents oxygen atom or sulfur atom; n represents an integer of 
from 0 to 5; and the selenium atom may be oxidized. 
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Claim 26. The method according to claim 17 wherein the 
substrate comprises a substance selected from the group consisting of 2-phenyi-l ,2- 
benziso-selenazol-3(2H)-one or a ring-opened form thereof and a physiologically 
acceptable salt thereof, and a hydrate thereof and a solvate thereof. 

Claim 27. The method according to claim 18 wherein the substrate comprises a 
substance selected from the group consisting of 2-phenyl-l ,2-benziso-selenazol-3(2H)-one 
or a ring-opened form thereof and a physiologically acceptable salt thereof, and a hydrate 
thereof and a solvate thereof. 

Claim 28. The method according to claim 19 wherein the substrate comprises a 
substance selected from the group consisting of 2-phenyl-l ,2-benziso-selenazol-3(2H)-one 
or a ring-opened form thereof and a physiologically acceptable salt thereof, and a hydrate 
thereof and a solvate thereof. 
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(IX) Evidence Appendix 

(a) U.S. Patent No. 4,418,069 to Welter et al. - entered in record in initialed Form 
PTO-1449 attached to Office Action mailed March 10, 2003 

(b) U.S. Patent No. 4,730,053 to Dereu et al. - entered in record in initialed Form 
PTO-1449 attached to Office Action mailed March 10, 2003 

(c) EP 0 366 990 - entered in record in initialed Form PTO-1449 attached to Office 
Action mailed May 31, 2006 

(d) CA 02276984 - entered in record in initialed Form PTO-1449 attached to Office 
Action mailed May 3 1 , 2006 

(e) WO 97/26968 - entered in record in Office Action mailed May 31, 2006 

(f) Arteel et al., Chem. Res. Toxicol, 1999, 12, 264-269 - entered in record in 
initialed Form PTO-1449 attached to Office Action mailed March 10, 2003 

(g) Bjomstedt et al., Journal of Biological Chemistry, Vol. 270, No. 20, Issue of May 
19, pp. 1 1761-1 1764, 1995 - entered in record in Office Action mailed May 31, 2006 

(h) Kumar et al., Eur. J. Biochem, 207, 435-439, 1992 entered in recond in Office 
Action mailed May 3 1 , 2006 

(i) Muller et al., Biochemical Pharmacology, Vol. 33, No. 20, pp. 3235-3239, 1984- 
entered in record in initialed Form PTO-1449 attached to Office Action mailed March 10, 
2003 

(j) Schewe,Gen.Pharmac., Vol. 26, No. 6, pp. 1153-1169, 1995 -entered in record 
in initialed Form PTO-1449 attached to Office Action mailed February 26, 2007 
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(k) Engman et al., Anticancer Res. 1997 Nov-Dec;17(6D):4599-605 (Abstract) - 
entered in record in initialed Form PTO- 1449 attached to Office Action mailed Dcember 3 1 , 
2003 
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(X) Related Proceedings Appendix 

Decision of the Board of Patent Appeals and Interferences, Appeal No. 2005-0936, 
mailed July 29, 2005, Ex parte ARNE HOLMGREN, MARJAN H. AMIRI and HIROYUKI 
MASAYASU 
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The opinion in support of the decision being entered today was not written 
for publication and Is not binding precedent of the Board. 



UNITED STATES PATENT AND TRADEMARK OFFICE 



BEFORE THE BOARD OF PATENT APPEALS 
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RECEIVED 

AUG 0 2 200 

GREENBLUM&BERNSTE 



Ex parte ARNE HOLMGREN. MARJANfFTT^I^ 
and HIROYUKI MASAYASU 



Appeal No. 2005-0936 
Application No. 09/926,218 



ON BRIEF 



iAILED 



JUL 2 9 2005 

as. PATENT AND rR/U)tM/iRh OFFICE 
BOARD OF PATENT AP'^lS 
ANOINTERFEREWCeS 



Before ELLIS, SCHEINER and ADAMS. Adnninistrative Patent Judges . 
SCHEINER, Administrative Patent Judae . 

DECISiON ON APPEAL 

This is an appeal under 35 U.S.C, § 134 from the final rejection of claims 13-25, 
the only claims remaining in the application. Claims 13-25 are reproduced in the 
Appendix accompanying appellants' Brief on Appeal of August 24, 2004. 

The references relied on by the examiner are: 

Muller et al. (Muller), "A Novel Biologically Active Seleno-Organic Compound - 
Glutathione Peroxidase-L,ike Activity In Vitro and Antioxidant Capacity of PZ 51 
(Ebselen)," Biochemical Pharmacology . Vol. 33, No. 20, pp. 3235-3239 (1984) 

Arteel et al. (Arteel), ''Function of Thioredoxin Reductase as a Peroxynitrite Reductase 
Using Selenocystine or Ebselen," Chem. Res. Toxicol. . Vol. 12, pp. 264-269 (1999). 

Claims 13-25 stand rejected under 35 U.S.C. § 102 (b) as anticipated by Arteel. 

In addition, claims 13-25 stand rejected under 35 U.S.C, § 103 as unpatentable over 

Arteel and Muller. 

We reverse these rejections, and raise an additional issue for consideration. 
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BACKGROUND 



The thioredoxin/thioredoxin reductase system regulates reversible reduction- 
oxidation of thiol groups and maintains a constant thiol level in vivo to prevent functional 
depression of thiol proteins by formation of disulfide bonds and advanced peroxidation. 
Thioredoxin reductase reductively cleaves a disulfide bond on a target protein in the 
presence of NADPH and thioredoxin. Thioredoxin is a protein containing two thiol 
groups, and also functions as a proton donor in reduction of ribonucleotide by 
ribonucleotide reductase. Specification, page 1. 

According to appellants, selenium compounds such as 2-phenyl-1,2- 
ben2isoselenazol-3(2H)-one (hereinafter, ebselen) "can function as [substrates] of 
thioredoxin reductase by repeated self reduction-oxidation similarly to thioredoxin in the 
thioredoxin/thioredoxin reductase system," and can "enhance peroxidase activity of 
thioredoxin reductase in the presence of thioredoxin reductase and thioredoxin" 
pages 1-2). Appellants further explain that selenium compounds were known to reduce 
peroxides "by [a] glutathione-like activity . . . [but], the reduction of a peroxide by 
glutathione peroxidase is based on [a] totally different mechanism , . . [than that of] 
thioredoxin reductase" (id. , page 2). 



The present invention is dire<;ted to a method of reducing a substrate with 
thioredoxin reductase (claims 13 and 14); a method of enhancing the peroxidase 
activity of thioredoxin reductase in the presence of NADPH, thioredoxin and a substrate 
(claims 15, 16, 20 and 21); a method of oxidzing reduced thioredoxin by a substrate 
(claim 17); a method for reducing a peroxide by combining thioredoxin, thioredoxin 
reductase, NADPH and a substrate (claims 18, 22 and 23); and finally, a method of 
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preventing peroxidation of a substance by combining the substance with thioredoxin, 

thioredoxin reductase, NADPH and a substrate (claims 19, 24 and 25). Claims 20-25 

require that these reactions occur in vivo . The substrate in all of these claims is a 

selenium compound, and for purposes of this appeal, we will focus on a particular 

selenium compound, ebselen. The common thread that runs through all of these 

claims is the cyclical reduction and re-oxidation of the substrate (in this case, ebselen) 

in the presence of thioredoxin reductase and NADPH; i.e., ebselen is repeatedly 

reduced to ebselen selenol, and re-oxidized to ebselen. 

The examiner rejected all of the claims under 35 U.S.C. § 102 (b) as anticipated 

by ArteeL In view of its brevity, we reproduce the examiner's rejection in its entirety 

(Answer, pages 3-4): 

Arteel is teaching a substrate for thioredoxin reductase which has the 
same formula as claimed herein, see the title, wherein Ebselen is 
mentioned. This is the same as the 2-phenyl-1 ,2-ben2isoselen[a]zol- 
3(2H). See line 1 of the abstract, wherein mamma! is cited, column 1 , 2""^ 
paragraph, lines 1-3 and 7-8, column 2, 1^* paragraph on page 264, teach 
all the elements of the instant claims. 

Arteel describes the activity of mammalian thioredoxin reductase as a 
peroxynitrite reductase. Appellants concede that Arteel perfomns experiments with 
thioredoxin reductase and ebselen, but argue essentially that under the conditions used 
in the reference, i.e., in the presence of both ebselen and peroxynitrite, "[t]he strong 
oxidant peroxynitrite is reduced by thioredoxin reductase . . . and ebselen is oxidized to 
ebselen selenoxide which is reduced by thiodoxin reductase" (Brief, page 14). 
Appellants emphasize that the substrates of the present claims " do not include ebselen 
selenoxide " ( id. , page 13). 
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In contrast to Arteel's system, according to appellants, "the reaction of ebselen in 
[a]ppellanf s system does not form ebselen selnoxide" (jd,); instead, "ebselen is a 
substrate being reduced by NADPH and thioredoxin reductase . , . [and] undergo[es] 
unlimited cycles of oxidation/reduction in the presence of hydrogen peroxide without 
affecting the activity of the enzyme. The reduced ebselen is called ebselen selenol and 
... is oxidized back to ebselen by hydrogen peroxide . . . and a new cycle starts . . . 
driven by NADPH" (id,, page 16). 

Finally, appellants point out that none of Arteel's reactions occurs in vivo, as 
required by claims 20-25. 

The examiner's response to these arguments is to assert, for the first time, and 
without further explanation, that Arteel's "Figure 6[ ] is the same method as claimed by 
[ ] appellants" (Answer, page 6); and that page 267, column 1 , last paragraph, . . 
expressly [teaches] that ebselen is [a] substrate" (id). On cursory inspection, these 
excerpts of Arteel appear to concern reduction of a diselenide (ebselen is not a 
diselenide) on the one hand, and reduction of ebselen selenoxide (with the reaction 
cycling between ebselen and ebselen selenoxide, rather than cycling between ebselen 
and ebselen selenol, as required by the present claims) on the other. 

With respect claims 20-25, directed to in vivo methods, we agree with appellants 
that the mere description of thioredoxin reductase as a mammalian enzyme is riot a 
description of an in vivo reaction involving ebselen. 

"[E]very limitation of a claim must identically appear in a single prior art reference 
for it to anticipate the claim." Gechter v. Davidson . 116 F.3d 1454, 1457, 43 USPQ2d 
1030, 1032 (Fed. Cir, 1997). Moreover, "the Patent Office has the initial burden of 
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coming fon/vard with some sort of evidence tending to disprove novelty." In re Wilder , 
429 F.2d 447. 450. 166 USPQ2d 545, 548 (CCPA 1970). We find that the examiner's 
initial burden of establishing a prima facie case of anticipation has not been met. The 
rejection of claims 13-25 under 35 U.S.C, § 102 (b) as anticipated by Arteel is reversed. 
Obviousness 

The examiner also rejected claims 13-25 under 35 U.S.C. § 103 as unpatentable 
over the combined teachings of Arteel and Muller. According to the examiner, Arteel 
does not teach that ebselen "is also an enhancer of the peroxidase activity of 
thioredoxin reductase" (Answer, page 4), and cites Muller as teaching that ebselen is 
known to be an enhancer of peroxidase activity. 

Nevertheless. Muller concerns the glutathione peroxidase-like activity of ebselen, 
and the examiner has not begun to explain how this would be relevant to the claimed 
invention, especially in light of the present specification's teaching that "the reduction of 
a peroxide by glutathione peroxidase is based on [a] totally different mechanism . . . 
[than that of] thioredoxin reductase" (Specification, page 2). The examiner's reliance on 
Muller does nothing to resolve the underiying deficiencies of Arteel's disclosure. 

The initial burden of presenting a prima facie case of obviousness rests on the 
examiner. In re Oetiker . 977 F,2d 1443. 1445, 24 USPQ2d 1443. 1444 (Fed. Cir. 
1992). The rejection under 35 U.S.C. § 103 is reversed because the examiner has not 
established that the subject matter of claims 13-25 would have been suggested by the 
prior art. 
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AN ADDITIONAL ISSUE 
It appears from the record that ebselen has been known in the art for some time 
as an anti-oxidant, and may have been administered in vivo prior to the effective filing 
date of the present application. It is not clear from the record whether appellants and 
the examiner have determined whether or not this is the case, and if so, whether 
administration of ebselen in vivo inherently results in the activities required by the 
claims. 



On consideration of the record, the rejections of the claims under 35 U.S.C. §§ 
102 (b) and 103 are reversed. 



CONCLUSION 



REVERSED 




Joan Ellis 

Administrative Patent Judge 
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Toni R, Scheiner 
Administrative Patent Judge 
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® stabile parenteral solution of 2.phenyl-1.2-benzlsoseiena20l-3(2H)-one and process for producing 
the same. 

@ The present invention is related to new parenteral preparations of 2-phenyl-1.2-benzisoselenazol- 3(2H)-one 
(Ebselen) comprising additionally one orseveral phospholipids and. possibly, one or several auxiliary agents. The 
Invention is further related to a process for producing such solutions and their use in the preparation of drug 
preparations ob Ebselen. 
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Stabile parenteral solution of 2-phenyl-1.2-benzisoselenazol*3(H)-one and process for producing the 

same 



The present invention is related to new solutions which may be parenterally administer and which 
comprise 2-phenyl 1.2-ben2isoselena2ol-3(2H)-one (Ebselen) In combination with one or several 
phospholipids in a weight proportion of from 1:2500 to 1:15 and, possibly, one or several auxiliary agents. 
The invention is further related to the production of such solutions as well as their use in the production of 
5 drug preparations comprising 2-phenyl-1.2-ben2isoselena2o!-3(2H)-one (Ebselen) and one or several 
phospholipids. 

Ebselen is a known product (DE-PS 3027073). It may be produced by the process of R. Weber and M, 
Renson, Bulletin de la Soc. Chim. de France 1976 (7/8), pgs. 1124-1126. by subjecting 2-methylseleno-N- 
phenyl-benzamide to reaction with phosphorous pentachloride and subsequently hydrolysing the obtained 

10 product. Preparations comprising Ebselen may be used in the treatment of numerous diseases such as the 
prophylaxis and therapy of infection diseases, the therapy of malignent tumors (DE-OS 3638124). for 
stimulating the immuno system or for the treatment of selen deficiency diseases. Further attention Is drawn 
to the application of the anti-artheriosclerotic and anti-Inflammatory properties of Ebselen and their 
application in the therapy of rheumatic diseases (DE-OS 3027073). Ebselen ist furthermore an important 

75 agent useful, in the therapy of deficiencies caused by oxydative stress (DE-OS 3616920) such is lever 
deficiencies, cardiac infarction, psoriasis and diseases caused by radiation. There is known also a drug 
preparation for the topical use of Ebselen (DE-OS 3620674), which may be used in the external treatment of 
inflammatory and allergic skin diseases such as psoriasis. 

The broad spectrum of properties is in contrast to a very low solubility of Ebselen In water. Due thereto 

20 the use of Ebselen in. the form of parenteral solutions is prevented. Preparations comprising organic 
solvents containing Ebselen dissolved therein do not provide satisfactory results because diluting such 
solutions with water for injections or with physiological saline solutions cause precipitation of crystals of 
Ebselen. 

It has now been found that surprisingly stabile aqueous solutions of 2-phenyl-1.2-benzisoselena20i-3- 
25 (2H)-one (Ebselen) having a physiological pH may be produced by combining Ebselen with one or several 

natural or synthetic phospholipids and this. in a weight proportion of Ebselen to phospholipid amounting to a 

ratio ranging from 1:2500 to 1:15. Possibly, further auxiliary agents may be added. 

In this way, new aqueous solutions of Ebselen in combination with one or several phospholipids are 

formed. Such solutions are very, suitable for parenteral administration (for instance for Intramuscular or 
30 intravenous administration) and such solutions; show a long existing effectiveness. 

For producing such solutions, the components thereof are added to each other and stirred to produce 

homogenous solutions in usual manners,- .for instance by aid of high pressure homogenators. In some 

instances it is possible to obtain the solutions by simple stirring. Another possibility to produce tfie solutions 

is treatment with ultrasonics or by using the' so called "French Press". 
35 Products to produce isotonic solutions may be added before or after the preparation of the homogenous 

solutions. Such products are sodium chlpride. glucose or the like. It may be advantageous to add a base, 

for instance soda lye or a buffer agent in order to produce a pH close to the physiological pH. The solutions 

thus prepared may be sterilized in usual m,anners and filled into ampoules as usual. 

In view of the sensitivity of the phospholipids against light and oxygen, it may be preferable to work 
40 with the exclusion of oxygen and in a protective atmosphere, and with the exclusion of light. 

Both natural and synthetic phospholipids may be used. Natural phospholipids (of plant or animal origin) 

are in particular phosphatidyl choline, phosphatidyl ethanolamine, phosphatidyl inosit. phosphatidyl glycol, 

cardiolipine or plasmalogenes, which products may be recovered from soybeans or from eggs. Further 

useful are mixtures of several such phospholipids such as the trade products 
46 Phospholipon 100 (95% natural phosphatidylcholine from soybeans) 

Phospholipon 100 H (98% fully hydrogenated phosphatidylcholine from soybeans) Phospholipon 80 

(phospholipids from soybeans comprising 76% of phosphatidylcholine and 12% of 

phosphatidylethanolamlne). 

Synthetic phosphatides are for instance: 
50 dihexadecanoylphosphatidylcholine, 

ditetradecanoylphosphatidyicholine. 

dioleylphosphatidylcholine, 

dillnolylphosphatidyicholine, 

in particular 
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dipalmitoylphosphatidylcnoline and 
. dipalmitoylphosphatidylglycerol. 

Auxiliary agents are for instance cholesterol, derivatives of bile acids and salts thereof, benzylalcohol, 
neutral oils (Miglyol 812) and glycerol. 
5 The production of the preparations according to the present invention is further illustrated in the 
following examples. 



Example 1 


Ebselen 


0.110g 


DPPC (dipalmitoylphosphatidylchollne) 


13.330 g 


DPPG (dipalmitoylphosphatidylgiycerol) 


1 .330 g 


cholesterol 


6.450 g 


buffering agent to pH4 


up to 1000 ml 



Ebselen, DPPC, DPPG and cholesterol are dissolved in a mixture of 1 part of methanol and 1 part of 
chloroform. The solvent is removed and the resulting film is hydrated with buffer under an Inert gas. Gias 
balls are added and liposomes are formed with stirring. They are filtered in usual manner under sterile 
conditions and filled into ampoules. 



Example 2 


Ebselen 


0.150 g 


DPPC, 


18.180 g 


DPPG 


1.818 g 


cholesterol 


8.790 g 


water for injections 


up to 1000 ml 



30 

The products are mixed and further processed as described in example 1 . 



Example 3 


Ebselen 


0.250 9 


DPPC 


30.300 g 


DPPG 


3.030 g 


cholesterol 


14.650 g 


buffering agent 


up to 1000 ml 



The products are mixed and further processed as described in example 1 . 



Example 4 


Ebselen 


0.330 g 


DPPC 


39.970 g 


DPPG 


3.997 g 


cholesterol 


19.338 g 


buffering agent 


up to 1000 ml 



The products are mixed and further processed as described in example 1 . 
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Example 5 


Ebselen 


0.400 g 


DPPC 


48.480 g 


DPPG 


4.848 g 


choiesteroi 


23.440 g 


buffering agent 


up to 1000 ml 



The products are mixed and further processed as described in in example 1 . 



Example 6 


Ebselen 


0.430 g 


DPPC 


50.170 g 


DPPG 


5.017 g 


cholesterol 


24,112 g 


buffering agent 


up to 1000 ml 



20 

The products are mixed and further processed as described in in example 1 . 



Example 7 


Ebselen 


0.100 g 


Phospholipbn 100 


45.215 g 


sodiumdesoxycholate 


17.621 g 


benzylalcohor 


15.700 g 


water for injections 


up to 1000 ml 



Ebselen and Phospholipon 100 are dissolved in ethanol. After removal of the solvent under vacuum, the 
resulting mixture is stirred into a solution of sodiumdesoxycholate. After the addition of benzylalcohol and 
water as described in example 1 , the solution is filtered under sterile conditions and filled into ampoules. 



Example 8 


Ebselen 


0.300 g 


Phospholipon^^* 100 


116.900 g 


sodiumdesoxycholate 


45.900 g 


benzylalcohol 


15.700 g 


water for Injections 


up to 1000 ml 



45 

The products are mixed and further processed as described in in example 7. 



Example 9 


Ebselen 


0,300 g 


Phospholipon 100 


116.900 g 


glycocholin acid 


58.200 g 


NaOH 


5.000 g 


benzylalcohol 


15.700 g 


water for injections 


up to 1000 ml 



4 
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Example 10 


Ebselen 


0.300 g 


Phosnholioon 80 


116 900 a 


imrocholin acid 


64.370 g 


NaOH 


5.000 g 


benzylalcohol 


15700 g 


water for injections 


up to 1000 ml 



The products are mixed and further processed as described in in example 7. 



Example 1 1 


Ebselen 


0.450 g 


Phospholipon 100 


1 10.440 g 


sodium cholate 


40.125 g 


benzyialcohol 


15.700 g 


water for injections 


up to 1000 ml 



The products are mixed and further processed as described in in example 7. 



Example 12 


Ebselen 


0.500 g 


Phospholipon 80 


1 08.700 g 


water for injections 


up to 1000 ml 



Ebselen and Phospholipon 100 are dispersed with stirring in water for injection purposes. The 
resulting mixture is treated in the high pressure homogenator. The further subsequent filtration under sterile 
conditions and filling into ampoules is executed as described in example 1. 



Example 13 


Ebselen 


0,420 g 


Phospholipon ^^'^ 80 


111.250 g 


water for injections 


up to 1000 ml 



The products are mixed and further processed as described in in example 12. 

45 



Example 14 


Ebselen 


0.200 g 


leclthine 


20.000 g 


Miglyol'812 


1 70.000 g 


glycerol 


16.000 g 


water for injections 


up to 1000 ml 



Ebselen is dissolved in Miglyol 812 and lecithine (solution I). Glycerol is added to the water for injection 
purposes (solution II). Both solutions are mixed and treated in the high pressure homogenator. The resulting 
emulsion is stirilised in the autoclave and filled into ampoules as usual. 
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Example 15 


Ebseien 


0.500 g 


lecithine 


24.000 g 


Miglyol 812 


200.000 g 


glycerol 


32.000 g 


water for injections 


up to 1000 ml 



The products are mixed and further processed as described in in example 14, 



Example 16 


Ebseien 


1.000 g 


lecithine 


24.000 g 


Miglyol 812 


200.000 g 


glycerol 


32.000 g 


water for Injections 


up to 1000 ml 



The products are mixed and further processed as described in in example 14. 



Example 17 


Ebseien 


2.000 g 


lecithine 


32.000 g 


Miglyol 812 


220.000 g 


glycerol 


37.000 g 


water for Injections 


up to 1000 ml 



The products are mixed and further processed as described in in example 14. 
Claims 

1. Stabile parenteral solutions of 2-phenyi-1,2-benzisoselena2ol-3(2H)-one. characterized In that they 
contain a water-soluble combination of 2-phenyl-1.2-benzisoselenazol-3(2H)-one with one or several 
phospholipids. 

2. Solution according to claim 1. characterized in that the weight proportion of 2-phenyl-1.2- 
benzisoselenazol-3(2H)-one and the phospholipid or phospholipids in the solution is between 1:2500 to 1:15. 

3. Solution according to claim 1 or 2, characterized in that the phospholipid or the phospholipids 
represent natural or synthetic phospholipids. 

4. Solution according to claims 1 to 3, characterized in that it comprises as natural phospholipid the 
compound soybean lecithine or egg lecithine or a highly purified fraction thereof. 

5. Solution according to claims 1 to 3, charcterized in that the synthetic phospholipid is phosphatidyl 
choline, phosphatidyl glycerol or a mixture thereof. 

6. Process for producing dnjg preparations as claimed in claims 1 to 5. characterized in that 2-phenyl- 
1.2-benzisoselenazol-3{2H)-one (Ebseien) is mixed with the phospholipid or a mixture* of several 
phospholipids and, possibly, one or several additional auxiliary agents in known manner, the mixture is 
added to a physiological saline solution, the resulting physiological solution is rendered neutral, possibly by 
means of additional auxiliary agents, and the resuling solution is rendered sterile. 

7. The use of solutions according to any of claims 1 to 5 comprising a combination of 2-phenyl-1 .2- 
benzisoselenazol-3(2H)-one (Ebseien) and one .or several phospholipids and, possibly, one or several 
auxiliary agents, for the preparation of drugs. 
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Abstract of the Disclosure 
A cyclooxygenase-2-inhibitor containing as an active 
ingredient a compound having- cyclooxygenase* 2 -inhibitory 
activity and exhibiting low toxicity that causes only minor 
side effects. The active compound is represented by the 
following formula ( 1 ) or ( 1 ' ) : 



o 




wherein represents a hydrogen atom or a C1-C3 alkyl group; 

represents a hydrogen atom, a hydroxyl group, an organic 
group capable of being bound through its thiol group within 
the molecule, or R^ and R^ may Join to each other to form a 
single bond; R^ represents a hydrogen atom, a halogen atom, a 
C1-C3 alkyl group, a C1-C3 alkoxyl group, a trif luoromethyl 
group, or a nitro group; each of R* and R^ which may be 
identical to or different from each other, represents a 
hydrogen atom, a halogen atom, a C1-C4 alkoxyl group, a 
trif luoromethyl group, or R^ and R' may join to each other to 
f03nn a raethylenedioxy group. 




CYCLOOXYGENASE INHIBITOR 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a cyclooxygenase-2 
inhibitor. The inhibitor Inhibits synthesis of prostaglandin 
H and I, or synthesis of their subsequent metabolites 
thromboxanes, and can be used as a drug for both treatment 
and prevention of ischemic diseases, senile dementia, cancer, 
asthma, arterial sclerosis, and various Inflammation diseases. 
Background Art 

Cyclooxygenase (prostaglandin-endoperoxide synthase) is 
an enzyme that catalyzes In vivo synthesis of prostaglandin 
H2 from its substrate arachidonic acid. Prostaglandin H2 is 
physiologically very active. From prostaglandin H2, there 
are produced metabolites of prostaglandin D2, E2, and F2 and 
metabolites of thromboxane A2 and B2, all of which are also 
physiologically very active. 

Consequently, inhibition of the cyclooxygenase activity 
results in inhibition of synthesis of these metabolites. 
Thus, the prostaglandin H2 Inhibitors can inhibit not only 
prostaglandin H2, but also other physiologically very active 
compounds, such as prostaglandin D2, E2, and F2 and 
thromboxane A2 and B2. 

Cyclooxygenase is widely known to be involved in 
inflammation. For treatment of such inflammation, various 
cyclooxygenase inhibitors have been widely used, including 
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aspirin and indomethacin . However, at the time when these 
drugs were discovered, there was known only one type of 
cyclooxygenase that is ubiquitously present in the living 
body. 

Another type of cyclooxygenase; namely, the inducible 
type of cyclooxygenase, has recently been discovered. This 
inducible type of cyclooxygenase is induced upon various 
stimuli and is called cyclooxygenase 2, whereas the 
ubiquitous type is now called cyclooxygenase 1. Furthermore, 
it has recently become clear that cyclooxygenase 2 is deeply 
involved in ischemic diseases, senile dementia, cancer, 
asthma, arterial sclerosis, and a variety of inflammation 
diseases. From these observations, cyclooxygenase- 2- 
inhibitors are considered to be potentially very effective 
drugs for treatment of these diseases (G, Cirino* Biochem. 
Pharmacol. 55: 105-111, 1998). 

SUMMARY OF THE INVENTION 

In view of the foregoing, the present invention is to 
provide a pharmaceutical containing, as an active ingredient 
thereof, a compound which inhibits cyclooxygenase 2 to 
thereby serve as an excellent therapeutic drug for the above- 
mentioned diseases, and which has low toxicity that causes 
only minor side effects to the extent that they are suitable 
for clinical use. 

Accordingly, the present invention provides the 
following. 

1) A cyclooxygenase-2-inhibitor comprising, as an 
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active ingredient, a compound represented by the following 
formula (1) or (1' ) : 




wherein represents a hydrogen atom or an alkyl group 
having 1-3 carbon atoms; represents a peptide or protein 
capable of binding through its own thiol group within the 
molecule, or R^ and R* may join to each other to form a 
single bond; and R^ represents a hydrogen atom, a halogen 
atom, an alkyl group having 1-3 carbon atoms, an alkoxyl 
group having 1-3 carbon atoms, a trif luoromethyl group, or a 
nitro group; and each of R* and R^ which may be identical to 
or different from each other, represents a hydrogen atom, a 
halogen atom, an alkoxyl group having 1-4 carbon atoms, a 
trif luoromethyl group, or R* and R^ may join to each other to 
form a methylenedioxy group; a salt thereof, or a hydrate 
thereof, 

2) A cyclooxygenase- 2- inhibitor containing, as an 
active ingredient, 2-phenyl-l,2-benzisoselenazol-3(2H)-one 
(hereinafter referred to as compound A), a salt thereof, or a 
hydrate thereof. 
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3) A cyclooxygenase- 2 -Inhibitor comprising, as an 
active ingredient, a compound represented by the following 
formula (2): 



through its own thiol group within the molecule, and R\ R^, 
R*, and R^ euce the same as defined above; a salt thereof; or a 
hydrate thereof. 

4) A cyclooxygenase-2-inhibitor containing, as an 
active ingredient , { 2-phenylcarbamoyl-phenylselenyl) - 
albumin (hereinafter referred to as compound B), a salt 
thereof, or a hydrate thereof - 

The present invention is further directed to a method for 
producing a pharmaceutical composition for the therapy and/or 
prophylaxis of such diseases which are caused in a disturbance 
and/or in an influence of the cyclooxygenase-2-inhibition 
wherein for producing of said composition a cyclooxygenase-2- 
inhibitor is used as active ingredient, wherein said 
cyclooxygenase -2 -inhibitor is characterized by the before 
described general formulas . 

Moreover the present invention is prefersibly directed to a 
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(2) 



Wherein R^ represents a peptide or protein capable of binding 
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method for producing a pharmaceutical composition for the 
therapy and/or prophylaxis of ischemic diseases, senile 
dementia, cancer, asthma, arterial sclerosis, and/or 
inflammation diseases wherein for producing of said composition 
a cyclooxygenase- 2 -inhibitor of the afore mentioned type is 
used as active ingredient . 

In the frame of the present invention the term active 
ingredient is not only used for a single active ingredient but 
also for a mixture of active ingredients, which are used for 
the producing of the inventive composition accordingly. 

Furthermore the present invention is directed to a method for 
therapy and/or prophylaxis of such diseases which are caused in 
a disturbcuace and/or in an influence of the cyclooxygenase-2- 
inhibition, wherein a pharmaceutical composition comprising a 
cyclooxygenase-2 -inhibitor according to the afore described^ 
type as active ingredient is orally administered in a daily 
dosage of 100 to 2000 mg, relative to the active ingredient, 
for an adult . 

Perferably a composition is orally administered to an adult 
having such a concentration of said active ingredient that a 
daily dosage of 200 to 1000 mg is given. 

If the inventive method is used for therapy and/or prophylaxis 
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of such diseases which are caused in a disturbance and/or in an 
influence of the cyclooxygenase-2- inhibition a pharmaceutical 
composition comprising a cyclooxygenase-2 -inhibitor as active 
ingredient is perorally administered in a daily dosage of 0.05 
to 1000 mg, relative to the active ingredient, for an adult. 

Preferably the inventive method is used for therapy and/or 
prophylaxis of ischemic diseases, senile dementia, cancer, 
asthma, arterial sclerosis, and/or inflammation diseases. 

Depending on the concentration of the active ingredient which 
is to administer the inventive composition is given one time to 
three times each day. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention will next be described in detail. 

As mentioned above, the present invention provides a 
cyclooxygenase-2- inhibitor containing, as an active 
ingredient, a compound of formula (1), Substituents for the 
formula (1) compound are as follows; 

R^ is a hydrogen atom or an alkyl group having 1-3 
carbon atoms, with hydrogen being preferred. 

R^ is a peptide or protein capable of binding through 
its own thiol group within the molecule, or R^ and R^ may 
join to each other to form a single bond. 
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is a hydrogen atom, a halogen atom, an alkyl group 
having 1-3 carbon atoms, an alkoxyl group having 1-3 carbon 
atoms, a trif luoromethyl group, or a nitro group. Among 
these, hydrogen is preferred. 

The present invention also provides a cyclooxygenase-2- 
inhibitor containing, as an active ingredient, a compound of 
formula (2). Substituents for the formula (2) compound are 
as follows: 

in the above formula (2) denotes a peptide or protein 
capable of binding through its own thiol group within the 
molecule; with regard to the protein or the peptide, any 
protein or peptide can be used as far as it is 
physiologically acceptable; however, proteins present in 
serum such as albumins and globulins are preferred; further, 
among these serum proteins, the albumins are much preferred; 
and among the albumins the human albumin is most preferred. 

The synthesis method of compound A used in the present 
invention has already been disclosed in Japanese Patent 
Publication {koJcoku) No. 2-38591 (i.e., Japanese Patent 
Application Laid-open {kokal) No. 57-67568). The synthesis 
method for compound B has also been disclosed in Japanese 
Patent Application Laid-open {kokal) No, 7-233056. 

Through known formulation techniques, the compound A of 
the present invention can be formulated in the form of a 
tablet, capsule, powder, granule, syrup, or preparation for 
injection, along with additives such as an excipient, binder, 
disintegrator, and solubilizer, 

7 




Specific formulation examples will be described below. 

In the case of the tablet, the following formula may be 

used: 
Tablet 

compound A 50 mg 

carboxymethylcellulose 25 mg 

starch 5 rag 

crystalline cellulose 40 mg 

magnesium stearate 2 mg 



total 122 mg 

Compound A, when delivered by typical oral 
administration or parenteral administration such as injection, 
manifests respective expected primary pharmacological effects. 
In the case of oral administration, the dosage of chemical 
compound A is 100-2000 mg/day, preferably 200-1000 mg/day, 
for an adult. The dosage can be changed, depending on the 
severity of the patient's symptoms. 

The 2-phenylcarbamoyl-phenylselenyl derivatives of the 
present invention and physiologically acceptable salts 
thereof are administered orally or parenterally . In the case 
of peroral administration to adults, the dosage is usually 
0.05-1000 mg/day. 
Toxicity 

Concerning the toxicity of compounds A and B, their 
LD50 values were deteirmined through use of mice and rats. 
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The LD50 of each compound for the mouse was not less than 
6810 (mg/kg) when administered orally, and was 740 (mg/kg) 
when administered intraperitoneally . in the case of the rat, 
to reach LD50, large doses were required. These results 
indicate that safety levels for administration of those 
compounds are very high. One of the compounds, S-(2- 
phenylcarbcunoyl-phenylselenyl) albumin, was tested for the 
acute toxicity. The compound was dissolved in physiological 
saline and was intravenously administered to mice (5 g/kg) , 
Its LD50 was much higher than 1 g/kg, thus confirming its 
high safety level. 
Acutft t(?y1rr1ty 

Four Wistar strain male rats at 8 weeks of age were 
subjected to an acute toxicity test. S-(2" phenylcarbamoyl- 
phenylselenyl) albumin dissolved in physiological saline was 
intravenously administered (1 g/kg/3 ml), and then the rats 
were observed for the next twenty-four hours. Within the 
observation period, no particular side effect was noticed, 
and all rats survived healthily. Furthermore, upon much 
higher doses of administration to both the mouse and rat, no 
problematic side effect was observed. 

Among the compounds, S- ( 2-phenylcarbamoyl- 
phenylselenyl) albumin is expected to achieve the most 
promising efficacy. Prostaglandin H2 synthesized with 
cyclooxygenase 2 and its metabolites, such as prostaglandin 
D2, E2, and F2 and thromboxane A2 and B2, are placed in the 
arachidonate cascade, downstream of arachidonic acid. As 
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mentioned above, these are involved in ischemic diseases, 
senile dementia, cancer, asthma, arterial sclerosis, and a 
variety of inflammation diseases. These diseases can be 
treated with the 2-phenylcarbainoyl-phenylselenyl derivatives 
as well as with physiologically acceptable salts thereof, and 
excellent prognosis is expected upon their administration. 

In the present invention, the 2-phenylcarbamoyl- 
phenylselenyl derivatives encompass compound A and compound B. 

Through known formulation techniques, the 2- 
phenylcarbaraoyl-phenylselenyl derivatives of the present 
invention and physiologically acceptable salts thereof can be 
formulated in the form of a tablet, capsule, powder, granule, 
syrup, or preparation for injection, along with additives 
such as an excipient, binder, disintegrator, and solubilizer. 

The 2-phenyl-l,2-ben2isoselena201-3(2H)-one 
derivatives and 2-phenylcarbainoyl-phenylselenyl derivatives, 
both being compounds of the present invention, were tested In 
vitro for their inhibitory effects on cyclooxygenase 2 
activity, which catalyzes synthesis of prostaglandin H2 from 
arachidonic acid. The results show remarkably strong 
inhibitory effects, which were much stronger than that of 
indomethacin (see Table !)• 

Thus, the 2-phenyl-l,2-ben2isoselena2ol-3(2H) -one 
derivatives and 2-phenylcarbamoyl-phenylselenyl derivatives, 
both being related to the present invention, are most 
promising candidates as drugs for treatment of the above 
diseases that involve synthesis of prostaglandin H2 with 
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cyclooxygenase 2, 

The present invention will be described next in detail 
by way of experimental examples, which should not be 
construed as limiting the scope of the present invention. 
Experimental example 1 

Arachidonic acid was used as the substrate in the 
present example. Ten nl of arachidonic acid was dissolved in 
methanol (10 mg/ml) and mixed with 5 (xCi of ^*C-labeled 
arachidonic acid; and to obtain a dried substrate, the 
solvent was evaporated by blowing with nitrogen gas at room 
temperature. Subsequently, the substrate was dissolved in 50 
\il of dimethylsulf oxide (DMSO), and 10 ml of 5 mM Tris-HCl 
buffer (pH 8.0) containing 2 mM phenol. was added to the 
substrate solution, followed by sonication to completely 
dissolve the sample. Separately, test compounds having final 
concentrations of 0.1-10 yH were prepared. In this 
experiment, a human serum albumin (HAS) -binding compound was 
dissolved with the above buffer, and the other compounds were 
dissolved with DMSO. Five \il of each compound solution was 
added to 5 \il of the above substrate solution, followed by 
mixing. The samples were then preincubated at 35°C for about 
10 min. Cyclooxygenase 2 derived from sheep placentae 
(Cayman Chem, ) had been separately diluted 10-fold with the 
above buffer, and 20 |il of the enzyme solution was added to 
each of the above samples. The enzyme reaction was carried 
out at 35*'C for 30 min, and stopped by adding 0.5 ml of ice- 
cold ethanol to each sample. Then, to 0.9 ml of each sample, 
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2.0 ml of 2% acetic acid solution was added* Arachidonic 
acid and its metabolite prostaglandin H2 were then extracted 
with 3,0 ml of ethyl acetate; From each extracted sample, a 
2.0 -ml portion was transferred to a new test tube. The 
solvent was distilled off from the transferred samples under 
reduced pressure, and the samples were dried In vacuo. Then 
each dried sample was dissolved in 100 til of methanol, out of 
which 5 fil was subjected to analysis by high resolution thin 
layer chromatography. Arachidonic acid and its metabolite 
prostaglandin H2 were separated by chromatography with a 
developing solution of chloroform, ethyl acetate, methanol, 
acetic acid and water in proportions of 70:30:8:1:0.5 (v/v) , 
The chromatography plate, together with a "C-standard 
substance, was exposed to an imaging plate (Fuji Film), and 
was analyzed with Fuji Film Bio-Image analyzer BAS-2000 to 
obtain an autoradiogram. By scanning of spots corresponding 
to the standard radioactive samples, a standard dose-response 
curve was plotted. Then, by use of the standard curve, each 
scanned value of arachidonic acid spots and prostaglandin H2 
spots was converted to a conount of radiation. Indomethacin 
was purchased from Sigma, and PZ25 was a gift from Rhone - 
Poulenc Rorer. 

The results are shown in Table 1. 
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Table 1. Cyclooxygenase Inhibitor 2 



Dose of 
compound 

(MM) 


Generated Amount of Prostaglandin H2 (*) 


Compound A 


Compound B 


PZ25 


Indomethacin 


1 


91.8±14.3 


78.33±10.58 


N.D. 


N.D. 


3 


78.6±5.28 


72.13±4.53* 


103.25±9.29 


95.55±7.87 


10 


46,88±6.49** 


35.40±1.49** 


103.53±11,2 


99.45±7.a0 


30 


20.10±1.95** 


N.D* 


93.9±9,06 


96-55±9.63 




N.D. 


N.D, N.D. 


N.D. 



ND: Not done 

Significance level for p-value: P<0.05; **, P<0.01 (calculated by 
Williams "Wilcoxon test) 

Compound A: 2-phenyl-l , 2-ben2isoselenazol"3( 2H) -one 
Compound B: S-(2- phenylcarbamoyl-phenylselenyl) albumin 
P225: 2-phenyl-l,2-benzisothiazol-3(2H)-one 
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What is Claimed Is: 

1. A cyclooxygenase- 2 -inhibitor comprising, as an 
active ingredient, a compound represented by the following 
formula (1) or (1'): 




(1) 




(!') 



wherein r' represents a hydrogen atom or an alkyl group 
having 1-3 carbon atoms; represents a hydrogen atom, a 
hydrojcyl group, an organic group capable- of being bound 
through its thiol group within the molecule, or and R' may 
Join to each other to form a single bond; represents a 
hydrogen atom, a halogen atom, an alkyl group having 1-3 
carbon atoms, an alkoxyl group having 1-3 carbon atoms, a 
trifluoromethyl group, or a nitro group; each of R* and R*, 
which may be identical to or different from each other, 
represents a hydrogen atom, a halogen atom, an alkoxyl group 
having 1-4 carbon atoms, a trifluoromethyl group, or R' and 
R' may Join to each other to form a methylenedioxy group; a 
salt thereof, or a hydrate thereof. 

2. The cyclooxygenase- 2 -inhibitor according to Claim 1. 
wherein R* is a peptide, a protein, or a glycoprotein, and is 
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capable of being bound through Its thiol group within the 
molecule . 

3. The cyclooxygenase-2-inhibitor according to Claim 1 
or 2, wherein is albumin, a glutathione group, or an a- 
amino acid group, and is capable of being bound through its 
thiol group within the molecule. 

4. The cyclooxygenase-2 -inhibitor according to claim 3, 
wherein said albumin is a human albumin. 



5. A cyclooxygenase-2- inhibitor comprising, as an active 
ingredient, 2-phenyl-l, 2"benzisoselenazol-3 (2H) -one, a salt 
thereof, or a hydrate thereof. 

6. A cyclooxygenase-2 -inhibitor comprising, as an active 
ingredient, S- (2-phenylcarbamoyl-phenylselenyl) -albumin, a salt 
thereof, or a hydrate thereof. 

7. A method for producing a pharmaceutical composition for 
the therapy and/or prophylaxis of such diseases which are 
caused in a disturbance and/or in an influence of the 
cyclooxygenase-2-inhibition wherein for producing of said 
composition a cyclooxygenase-2 -inhibitor according to one of 
the preceding claims 1 to 6 is used as active ingredient. 

8. A method for producing a pharmaceutical composition for 
the therapy and/or prophylaxis of ischemic diseases, senile 
dementia, cancer, asthma, arterial sclerosis, and/or 
inflammation diseases wherein for producing of said composition 
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a cyclooxygenase -2 -inhibitor according to one of the preceding 
claims 1 to 6 is used as active ingredient. 

9. The method according to claim 7 or 8, wherein for 
producing of said composition a mixture of cyclooxygenase -2- 
inhibitors according to one of the preceding claims 1 to 6 is 
used as active ingredient , 

10, The method according to one of the claims 7 to 9, 
wherein for producing of said composition beside the active 
ingredient or beside of the active ingredient mixture further 
at least one excipient, binder, disintegrator, and/or 
solubilizer is used. 

11, The method according to one of the claims 7 to 10, 
wherein said composition is formulated in the form of a tablet, 
capsule, powder, granule, syrup, and/or a preparation for 
injection. 

12. A method for therapy and/or prophylaxis of such 
diseases which are caused in a disturbance and/or in an 
influence of the cyclooxygenase-2-inhibition, wherein a 
pharmaceutical composition comprising a cyclooxygenase- 2- 
inhibitor according to one of the preceding claims 1 to 6 as 
active ingredient is orally administered in a daily dosage of 
100 to 2 000 mg, relative to the active ingredient, for an 
adult . 
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13. The method according to claim 12, wherein said 
composition is orally administered in a daily dosage of 200 to 
1000 mg, relative to the active ingredient, for an adult. 



14. A method for therapy and/or prophylaxis of such 
diseases which are caused in a disturbance and/or in an 
influence of the cyclooxygenase-2 -inhibition wherein a 
pharmaceutical composition comprising a cyclooxygenase-2- 
inhibitor according to one of the preceding claims 1 to 6 as 
active ingredient is perorally administered in a daily dosage 
of 0.05 to 1000 mg, relative to the active ingredient, for an 
adult . 

15. A method for therapy and/or prophylaxis of ischemic 
diseases, senile dementia, cancer, asthma, arterial sclerosis, 
and/or inflammation diseases, wherein a pharmaceutical 
composition comprising a cyclooxygenase-2 -inhibitor according 
to one of the preceding claims 1 to 6 as active ingredient is 
orally administered in a daily dosage of 100 to 2000 mg, 
relative to the active ingredient, for an adult. 

16. The method according to claim 15, wherein said 
composition is orally administered in a daily dosage of 2 00 to 
1000 mg, relative to the active ingredient, for an adult. 

17 . A method for therapy and/or prophylaxis of ischemic 
diseases, senile dementia, cancer, asthma, arterial sclerosis, 
and/or inflammation diseases, wherein a pharmaceutical 
composition comprising a cyclooxygenase-2-inhibitor according 
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to one of the preceding claims 1 to 6 as active ingredient is 
perorally administered in a daily dosage of 0.05 to 1000 mg, 
relative to the active ingredient, for an adult. 

18. The method according to one of the claims 12 to 17, 
wherein said composition is administered in the form of a 
tablet, capsule, powder, granule, syrup, and/or a preparation 
for injection. 

19, The method accoring to claim 18, wherein said 
composition is administered one time to three times each day. 



Ridout & Maybee 
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Toronto, Canada M5C 3B1 
Patent Agents of the Applicant 
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(57) Abstract 

The description relates to a therapeu* Y R ^ 

tic agent which comprises as the active agent P 1 II 

a compound given by the formula (1) and/cr \f^^\^.x^^NvM-frU \ -P3 

(T) and/or a phamiaceutically acceptable salt iSOvT n"kUl2^n"K (1) 




thereof. The agent of the invention exhibits 
great effectiveness in cases of both imme- 
diate and later asthmatic reactions, especially jj2^ ^ ^Sc*R^ 
the latter. Owing to its low toxicity, the agent 
of the invention can safely be prescribed for 
human beings. 

(57) Zusanunenfiassung / Y K ^ 

Es wird cin therapeutisches Mittel / " '*V''''^^^.X^'^\ M (OWf%\ \ f 1 '1 

beschrieben. das als Wirkstoff cine I fSr<Y H^wnz/n fv ) \\ } 




Verbindung, die durch die nachfolgende 
Formel (1) und/oder (T) wicdergegebcn 

ist. und/oder ein pharmazeutisch akzeptablcs \R'^^ ' Sc— 

Salz dicscr Verbindung umfaOt, Das 
crfindungsgemdBe Mittel zcigt hohe 
Wirksamkeiten sowohl in berug auf die 

unmittelbarcn als auch spftten asthmatischen Reaktionen und insbesondere auf die spfltcn asthmatischen Reaktionen. Bedingi durch die 
geringe Toxizitflt kann das erfindungsgemaBc Mittel sichcr beim Menschcn dargereicht wcrden. 
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JHERAPEirriSCHE MITTEL, ENTHALT1END ORGANISCHE SELENVERBINDUNGEN GENGEN ASTHMA 



Die vorliegende Erfindung betrifft ein therapeutisches Mittel 
gegen Asthma, das wirksatn asthmatische Reaktionen unter- 
driickt, insbesondere spate asthmatische Reaktionen beim 
10 Bronchialasthma . 

Allgemein wurde erkannt, dalS Bronchialasthma als eine Erkran- 
kung gilt, die durch Kontraktion von weichen Muskeln im Luft- 
weg auf grand von Typ I Anaphylaxe verursacht wird. Jedoch ha- 

15 ben kurzliche Erkenhtnisse in diesem Forschungsgebiet aufge- 
zeigt, daS ein Teil der asthmatischen Pathogenese dadurch 
verursacht wird, daS entgegengesetzte Luf tbegrenzung, Luft- 
wegentziindung, Mucus Hypersekretion und Neuausbildung der 
Luf twegstruktur in Folge der chronischen Entzundung ausgebil- 

20 det werden. Von daher sollte eine pharmakologische Therapie 
liber das Verstandnis dieser Pathogenese hinaus dies entspre- 
chend berucksichtigen. 

Die zur Zeit verfiigbaren Medikamente fur Asthma sind Verrin- 
25 gerungsmittel fiir die entgegengesetzte Luf tbegrenzung, wie 
zum Beispiel Beta-Agonisten, und Kontrollmittel , so zum Bei- 
spiel Cortisoninhalationsmittel, zur Vermeidung von Symptomen 
durch Unterdruckung von Luf twegsentzundungen. Ein Beta-Ago- 
nist wirkt schnell in bezug auf eine Bronchialverengung und 
3 0 den damit verbundenen Begleitsymptomen, so zum Beispiel 

Husten, Brustenge und Keuchen. Ein inhaliertes Corticosteroid 
muS dauerhaft und taglich benutzt werden, urn eine dauerhafte 
Kontrolle bei chronischem Asthma sicherzustellen. 

35 Jedoch hat ein Beta-Agonist einige nachteilige Nebenwirkun- 
gen, wie zum Beispiel Stimulation der HerzgefaSe, Muskel- 
zuckungen und Hypokaliamie und Reizungen. Desweiteren ver- 
stSrkt ein inhaliertes Cortisosteroid Candidiasis 
(oropharymgeal candidiasis) , Dysphonie und gelegentliches Hu.- 
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g der oberen Luftwege, so obB 



sten durch ReizTing der oberen Luftwege, so OBlS das Risiko von 
systemischen Effekten eines Inhalationsmittels geringer ist 
* als die systemischen Corticosteroide . Die lange Verwendung 
von oral oder parenteral applizierten Corticosteroiden kann 
5 ernsthafte Nebenwirkungen, wie zum Beispiel Osteoporose, 

Bluthochdruck, Diabetes, Hypophyseerkrankungen, grauer Star, 
Korpulenz, Muskelschwache und Hautverdunnungen fiihren, die 
eine Hauterkrankung (cutaneous striae) und eine leichte 
Druckempf indlichkeit bewirken. Kontrollmittel werden fur eine 
10 lange Zeit dargereicht und von daher sollten die systemischen 
Nebeneffekte von solchen Mitteln vermieden oder verringert 
werden . 

Von dem Konzept, daS Kontrollmittel minimale Nebeneffekte mit 
15 Ausnahme in bezug auf die hauptsachlichen bronchialerweitern- 
den Oder entziindungshemmende Effekte besitzen, wurden anti- 
allergische Mittel, wie beispielsweise Histamin-Rezeptor-Ant- 
agonisten, Leukotrien-Rezeptor-Antagonisten, Thromboxan- syn- 
thetase- Inhibitoren/Rezeptor-Antagonisten entwickelt. Jedoch 
20 gibt es nicht ausreichende Daten beziiglich ihrer klinischen 
Vorteile in der Langzeitbehandlung von Asthma und von daher 
wird die Entwicklung von hoher wirksamen entziindungshemmenden 
Mitteln und weiteren klinischen Erprobungen erwartet . 



25 Es wird angenommen, daB die auftretenden spaten asthmatischen 
Reaktionen nach Reizung des Immunsystems mit einer 
Luftwegsentziindung begleitet ist. Zwei Arten der asthmati- 
schen Reaktionen wurden unmittelbar nach der Antigenreizung 
und einige Stunden danach beobachtet. Die fruhere Reaktion 

30 wird als unmittelbare asthmatische Reizung (lAR) und das dar- 
auf folgende Phanomen als spate asthmatische Reizung (LAR) 
bezeichnet. Die unmittelbare asthmatische Reizung wurde durch 
die Luf twegsbegrenzung, die von der akuten Bronchialverengung 
herruhrt, hervorgeruf en durch den AllergenausstoS, erkannt, 

35 wahrend die spate asthmatische Reizung eine Luftwegsentziin- 
dung im Luftweg begriindet. Die Luftwegsentziindung, die iibli- 
cherweise durch eine extensive Infiltration von Cosinophilen, 
Zellen und von einzelligen Zellen gekennzeichnet ist, bewirkt 
eine Schwellung der Luf twegswande ntit oder ohne leichte 
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nicht nur allein mit der spaten asthmatischen Veranderung 
sondern auch mit der Luf twegshyperreaktivitat und der 
Asthmaverschlimmerung in Verbindung gebracht (Metzger, W.J,, 
5 Hunninghake, G.W. and Richardson, H.B.: Late Asthmatic 
Responses; Inquiry into Mechanism and Significance, Clin. 
Rev. Allergy 3:145, 1985). Der Mechanismus derartiger patho- 
logischer Erscheinungen ist bis jetzt noch nicht vollstandig 
erf orscht . 



Dementsprechend ist es erwunscht, ein Mittel zur Behandlung 
von Bronchialasthma zu entwickeln, das eine ausgezeichnete 
Wirksamkeit ahnlich zu der von Adrenal -Cortex-Hormonen be- 
sitzt, das gleichzeitig sowohl die unmittelbaren asthmati- 
15 schen Reaktionen als auch die spaten asthmatischen Reaktionen 
unterdriickt und das sicher ist. 

Es ist bekannt, daS 2-Phenyl-l , 2 -Benzoisoselenazole-3 {2H) - 
one, das iiblicherweise auch als Ebselen bezeichnet wird und 
2 0 das eine typische in der vorliegenden Erfindung verwendete 
Verbindung darstellt, eine deutliche Lipoxygenase inhibie- 
rende Wirkung besitzt (Peter Kuhl et al, Prostaglandins, 31 
(1986) , 1029-1048) . s^^edoch ist niemals dariiber berichtet wor- 
den, daS Ebselen be i der Behandlung von Asthma wirksam ist. 



Unter den vorstehend genannten Umstanden haben die Erfinder 
ausfiihrliche Studien durchgefiihrt und f estgestellt , daB die 
Verbindungen, die nachfolgend noch durch die Formeln (1) 
und/oder (1') gekennzeichnet sind, eine hohe Wirksamkeit in 
30 bezug auf die Unterdriickung von asthmatischen Reaktionen, 

insbesondere in bezug auf spate asthmatische Reaktionen, bei 
Bronchialasthma besitzen. 

Dementsprechend stellt die vorliegende Erfindung ein thera- 
3 5 peutisches Mittel zur Behandlung von Asthma zur Verfiigung, 

das als Wirksubstanz . eine Verbindung der nachf olgenden Formel 
(1) und/oder der Formel (1*) und/oder ein pharmazeutisch 
akzeptierbares Salz davon enthalt. 



10 



25 
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Y R5 

I 

N-(CH2)„-R3 
Se-R-l 



Formel (11 



10 




y R5 
I 

N-(CH2)n-R3 



Formel (1 



Se- 



15 



In Formel (1) bzw, (1') 

stellen R"*- und unabhangig voneinander ein Wasserstof f atom, 
20 ein Halogenatom, eine Trif luormethylgruppe, eine Nitrogruppe, 
eine Ci-Cg-Alkyl-Gruppe oder eine Ci-Cg-Alkoxyl-Gruppe dar, 
wobei R^ und R^ unter Ausbildung einer Methylendioxygruppe 
miteinander vernetzt sein konnen ; 

25 R"^ ist eine Arylgruppe, eine aromatische heterocyclische 

Gruppe, eine 5 bis 7 Mitglieder enthaltende Cycloalkylgruppe 
Oder eine 5 bis 7 Mitglieder enthaltende Cycloalkenylgruppe, 
wobei die Arylgruppe, die aromatische heterocyclische Gruppe, 
die Cycloalkylgruppe und/oder die Cycloalkenylgruppe substi- 

30 tuiert sein kann; 



35 



R^ stellt ein Wasserstof f atom, eine Hydroxylgruppe , eine -S- 
Glutathione -Gruppe, eine -S-a-Aminosaure-Gruppe oder eine 
Aralkyl (Arylalkyl) -Gruppe, die an ihrem Arylrest substitu- 
iert sein kann, dar; 



R"* ist ein Wasserstof f atom oder eine C^-Cg-Alkylgruppe, wobei 
R4 und R5 unter Ausbildung einer einzigen Bindung miteinander 
verbunden sein konnen; 



m m 

Y stellt ein Sauerstof f atom oder ein Schwef elatom dar und 



n eine ganze Zahl zwischen 0 und einschlieSlich 5 ist, wobei 
5 das Selenatom dxidieirt sein kann. 

Die Figur 1 zeigt die Wirksamkeit des Unterdruckungsef f ektes 
von Ebselen bei asthmatischen Reaktionen bei Meerschweinchen, 
die durch Antigene induziertes Asthma erkrankt sind. 

10 

In der vorliegenden Erfindung umfassen die Mittel zur Behand- 
lung von Asthma auch solche Wirkstoffe, die fiir die Behand- 
lung von Asthma eingesetzt werden mit der Erwartung der Ver- 
besserung von asthmatischen Bedingungen und vorbeugender Be- 
15 handlung. 

Verbindungen, die als Wirkstoffe in den Mitteln fur die 
Behandlung von Asthma eingesetzt werden, werden durch die 
vorstehend wiedergegebenen Formeln (1) und (IM reprasen- 

20 tiert. Beispiele der bei aufgefuhrten Ci-Cg -Alkylgruppe 

umfassen die Methylgruppe, die Ethylgruppe, die Propylgruppe, 
die Isopropylgruppe, die n-Butylgruppe, die Isobutylgruppe, 
die sekundare Butylgruppe und die Pentylgruppe . Beispiele der 
Ci-Cg-Alkoxyl-Gruppe umfassen die Methoxylgruppe , die Eth- 

25 oxylgruppe und die Propoxylgruppe . 

Beispiele der bei R*^ aufgefuhrten Arylgruppe umfassen die 
Phenylgruppe ; Beispiele der Cycloalkyl-Gruppe umfassen die 
Cyclopentylgruppe, die Cyclohexylgruppe und die Cycloheptyl- 

3 0 gruppe; Beispiel der Cycloalkenylgruppe umfassen die 1-Cyclo- 
pentenylgruppe , 1-Cyclohexenylgruppe und 1-Cycloheptenyl- 
gruppe; und Beispiele der aromatischen heterocyclischen 
Gruppe umfassen die. 5- oder 6-gliederigen aromatischen Hete- 
rocylengruppen, wie zum Beispiel die Pyridylgruppe , die 

3 5 Pyrimidylgruppe, die Imidazolylgruppe, die Oxazolylgruppe , 
die Isoxazolylgruppe, die Thiazolylgruppe und die Furyl- 
gruppe, wobei diese Gruppen substituiert sein konnen. Bei- 
spiele von Substituenten umfassen die -Cg-Alkylgruppe , die 
Ci-C5-Alkoxylgruppe, die Halogengruppe , die Carboxylgruppe 
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und die Hydro^^P^ruppe . Die Zahl der Subst^Bfenten liegt vor- 
zugsweise zwischen 1 und 3. Bei den R^-Gruppen bezeichnet die 
-S-Glutathiongruppe eine Gruppe, die durch Entfernung eines 
Wasserstoff atoms von dem Thiolrest des Glutathions gebildet 
ist, wahrend die -S-Of-Aminosauregruppe eine Gruppe anzeigt, 
die durch Entfernung eines Wasserstoff atoms vom Thiolrest der 
Thiol -enthaltenden a-Aminosaure gebildet wird. Beispiele der 
Arylalkylgruppe (Aralkyl) umfassen die Benzylgruppe . und 
R^ bilden vorzugsweise eine einzige Bindung. Insbesondere um- 
falSt die vorliegende Erfindung die Verbindung 2 -Phenyl- 1, 2- 
Benzoisoselena2ole-3 (2H) -one, das durch die folgende Formel 
wiedergegeben ist: 



15 




Die Verbindungen, die nachfolgend durch die folgenden Formeln 
20 wiedergegeben werden und die als aktive Metaboliten der zuvor 
wiedergegebenen Verbindung aufzufassen sind, sind ebenfalls 
bevorzugt . 



25 



oi 1^ for^'-^ 




Se-S-C 



Se-OH 



30 (-S-G bezeichnet eine -S-Glutathin-Gruppe) 



35 
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Daruber hina\!^k6nnen in der vorliegendenTR-f indung pharma- 
zeutisch akzeptable Salze, die von den vorstehend aufgeliste- 
ten Verbindungen herstammen, verwendet werden. 

5 Die vorstehend beschriebenen Verbindungen (1) oder (!') sind 
bereits bekannt. Sie konnen beispielsweise in Ubereinstimmung 
mit dem Verfahren, wie dieses in den japanischen Offenle- 
gungsschrif ten (kokai) Nr. 59-42373, 57-67568, 59-39894, 60- 
226868, 61-50963 oder in Biochemical Pharmacology Vol. 3, No. 
10 20, 3235-3239 und 3241-3245 (1984) beschrieben sind, herge- 
stellt werden. 

Die Verbindungen (1) oder (1') und pharmazeutisch akzeptable 
Salze davon besitzen exzellente Wirksamkeiten in bezug auf 
15 die Unterdruckung von unmittelbaren oder spaten asthmatischen 
Reaktionen bei Bronchialasthma, insbesondere bei spaten asth- 
matischen Reaktionen,, wie dies in den nachstehend wiedergege- 
benen Ausfiihrungsbeispielen belegt wird. 

20 Daruber hinaus konnte gefunden werden, daS die Verbindungen 

sehr sicher sind, wie dies durch die nachfolgenden und in der 
Tabelle 1 wiedergegebenen LDsQ-Werte bewiesen wird, wobei 
diese Werte das Ergebnis eines Toxizitatstests unter Verwen- 
dung von Mausen und Ratten, denen diese Verbindungen oral 

25 Oder intraperitoneal verabreicht wurden, darstellen. Selbst 

dann, wenn diese Verbindungen in hohen Dosen verabreicht wer- 
den, zeigen sie keine Nebenef f ekte, die ernsthafte Probleme 
verursachen, 

30 Tabelle 1 

Tier Applikationsweg ^^50 (nig/kg) 



Maus p.o. > 6810 

35 i.p, 740 

Ratte p,o. > 6810 



i,p. 



580 
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Die erfindungsgemaSen Mittel zur Behandlung von Asthma konnen 
in' verschiedenen Formen von Zubereitungen fur die orale oder 
parenterale Verwendung formuliert werden, so zum Beispiel als 
Tabletten, Kapseln, Puder, feine Granulate, Fliissigkeicen, 
Suspensionen, Emulsionen, Trockensirups , Inhalationsmit tel , 
Injektionen und Zapfchen. Derartige Zubereitungen werden nach 
den liblichen Methoden dadurch hergestellt, daB zu der Verbin- 
dung (1) Oder (1*) oder zu einem pharmazeutisch akzeptierba- 
ren Salz davon Gleitmittel , Sprengmittel , Bindemittel oder 
Tragermittel zugesetzt werden. 

Die Dosis der Verbindung (1), (!') oder des pharmazeutisch 
akzeptierbaren Salzes ;davon hangt von dem Applikationsweg, 
dem Zustand des Patienten, dem Korpergewicht des Patienten o. 
dgl. ab, Im Falle der oralen Darreichung variiert die Dosis 
ublicherweise bei einem Erwachsenen zwischen 100 bis 2.000 
mg/Tag, vorzugsweise zwischen 2 00 bis 1.000 mg/Tag. 

Wie bereits vorstehend beschrieben, unterdriicken die erfin- 
0 dungsgemafien Mittel sowohl die unmittelbaren als auch die 
spaten asthmatischen Reaktionen bei Bronchialasthma. Insbe- 
sondere bewirken die Mittel herausragende Effekte in bezug 
auf die spaten asthmatischen Reaktionen. Daruber hinaus be- 
sitzen die erfindungsgemaSen Mittel eine geringe Toxizitat 
5 und sind von daher sicher in bezug auf Menschen. 

Die vorliegende Erfindung wird nachfolgend anhand von Ausfuh- 
rungsbeispielen naher erlautert, wobei die Ausfvihrungsbei- 
spiele die vorliegende . Erf indung nicht einschranken sollen. 



Die Wirksamkeiten von Ebselen wurden unter Verwendung von 
Meerschweinchen, die ein Antigen induziertes Asthma besitzen, 
5 durch Uberprufung der Jjungenf unktionen unter BewuStsein und 
spontaner Atmung getestet. 



0 



Testbeispiel 



Verf ahren: 




1 ■ Tiere 

5 Jedes der weiblichen .Hartley Meerschweinchen (SLC) (4 Wochen 
alt, Korpergewicht etwa 250 bis 300 g) wurden vorbehandelt 
mit Cyclophosmid (2 mg/kg) . Nach zwei Tagen wurden intraperi- 
toneal Ovalbumin (OA, 1 mg) und Aluminiumgel (1 g) injiziert. 
Drei Wochen spater wurden wiederum OA (0,1 mg) und Aluminium- 
10 gel (1 g) intraperitoneal injiziert. Die so behandelten Meer- 
schweinchen wurden als sensibilisierte Tiere benutzt. Zu die- 
sem Testzeitpunkt waren die Meerschweinchen elf Wochen alt 
und hatten ein Korpergewicht von 450 bis 580 g. 

15 2 . Apparate und Werkzeuae 

Korper-Pressmograph, Drucktyp 
Pulmotacograph (TP-SOIG, Nippon Kodensha) 
Dif f erentialmeSwandler {T-601, Nippon Kodensha) 
20 Gasf luSwiderstandsrohr (Lilly type, Nippon Kodensha) 
Oszilloskop (DS-9121, Iwasaki Tsushinki) 
Computer (Macintosh Centris 660 AV, Apple) 

Software (zur Analyse der Atmung basierend auf LabView fvir 
Macintosh 3.01) 
25 Zerstauber (NE-UlO, Tateishi Denki) 

3. Verf ahren zur Darreichung der Mittel und Induzierung der 
Antiqene 

30 Gruppe von mit Dexamethason vorbehandelten Meerschweinchen 

Dexamethason (1 mg/kg) wurde in 100 % DMSO (1 ml) gelost. 
Diese Losung wurde wahrend vier aufeinander folgende Tage in- 
traperitoneal injiziert. Die letzte intraperitoneale Injek- 
35 tion wurde 24 Stunden vor der Induzierung der Antigene durch- 
gefuhrt . 



Gruppe der mit Ebselen vorbehandelten Meerschweinchen 
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Ebselen (5 mg/kg) wurde in 100 % DMSO (1 mlr gelost. Diese 
Ldsung wurde intraperitoneal 30 Minuten vor der Induzierung 
der Antigene injiziert. 

5 Kontrollgruppe 

100 % DMSO (1 ml) wurde intraperitoneal 3 0 Minuten vor der 
Induzierung der Antigene injiziert. 

10 Verfahren zur Induzierung von Antigenen 



OA (40 mg) wurde in einer physiologischen Salzlosung (4 
mg/ml) gelost. Diese Losung wurde 2 Minuten lang unter Ver- 
wendung eines Ultraschallzerstaubers inhaliert. 

15 

4. Verfahren zur Uberpriifung der Lungenf unktion 

In Ubereinstimmung mit dem Verfahren von Agrawal (Agrawal, K. 
P.; Specific Airway Conductance in Guinea Pigs: "Normal 

20 Values and Histamine Induced Fall", Respiratory Physiology 
43:23, 1981) wurde jedes Meerschweinchen auf einem Korper- 
Pressmograph, Drucktyp, fixiert und die prozentuale Variation 
des spezifischen Luf tweg-Leitwertes (sGaw) wurde gemessen. 
Der LuftfluS durch die Nase und die Anderung des Innendruckes 

25 der Box wurden auf gezeichnet . Die entsprechenden Wellenformen 
wurden digital bei 1.024 Hz gesammelt und die Punkte vom Ende 
des Ausatmens bis zum Beginn des Einatmens wurden als ruck- 
laufige Linie auf gezeichnet . Unter Verwendung der Neigung 
(tan) der rucklaufigeh Linie wurde der sGaw erhalten. Der 

30 sGaw-Wert wurde vor der Induzierung der Antigene gemessen. 

Nachdem eine physiologische Salzlosung fur zwei Minuten inha- 
liert wurde, wurde der sGaw nochmals gemessen, urn sicherzu- 
stellen, daS sich keine Daten geandert hat ten. Der zu diesem 
Zeitpunkt gemessene Wert wurde als 100 % angenommen und die 

35 prozentuale Variation des sGaw wurde nach Induzierung der An- 
tigene bestimmt. 

Die Ergebnisse sind in Figur 1 dargestellt. Bei der Gruppe 
von Meerschweinchen, die mit Ebselen vorbehandelt wurden, wa- 
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ren sowohl di^unmittelbaren als auch die^paten asthmati- 
schen Reaktionen wirkungsvoller unterdriickt als bei den Meer- 
schweinchen der Kontrollgruppe , 

Wenn die mit Ebselen vorbehandelte Gruppe mit der mit Dexame- 
thason vorbehandelten Gruppe verglichen wird, sind die Be- 
reiche der Unterdruckung der unmittelbaren asthmatischen Re- 
aktionen iiberwiegend gleich. Jedoch wurden bei den mit Ebse- 
len vorbehandelten Gruppen die spaten asthmatischen Reaktio- 
nen erheblich und vollstandig unterdriickt, wahrend bei der 
Kontrollgruppe die spaten asthmatischen Reaktionen zwischen 
180 und 420 Minuten beobachtet wurden. 

In diesem Zusammenhang ist darauf hinzuweisen, dafi die Dexa- 
methason-Dosis von l .mg/kg, die liber 4 Tage den Meerschwein- 
chen verabreicht wurde, ungefahr einer Dexamethason-Dosis fur 
einen Menschen (Korpergewicht 60 kg) von 240 mg (60 mg x 4 
Tage) entspricht. Diese Dexamethason-Dosis entspricht 2.400 
mg von Prednisolon (0,5 mg Dexamethason ist Equivalent zu 5 
mg Prednisolon) , 

Diese Menge von Prednisolon (2.400 mg) entspricht der Menge, 
die in einer Pulstherapie verbraucht wird, in der 1 g/Tag 
Prednisolon in Folge- wahrend 3 Tage dargereicht wird. 

Die vorstehenden Ausfiihrungen beweisen eindeutig, daiS Ebselen 
eine hohere Wirksamkeit im Vergleich zu solchen Therapien be- 
sitzt, die in friiheren klinischen Situation angewendet wur- 
den. 



Tabletten 

Unter Verwendung des bekannten Verfahrens wurden Tabletten 
der nachfolgenden Zusammensetzung hergestellt: 



Beispiel 1 



Ebselen 



50 mg 
25 mg 



Carboxymethylcellulpse 
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Starke 

kristalline Cellulose 
. Magnesiums tearat 
Summe 

5 

Zusammenfassend ist f estzuhalten, daS die vorliegende Erfin- 
dung ein sicheres therapeutisches Mittel zur Behandlung von 
Asthma, das sowohl die unmittelbaren als auch die spaten 
asthmatischen Reaktionen bei Bronchialasthma unterdriickt, be- 
10 schreibt . 



^2 PCT/DE97/00135 

5 mg 

4 0 mg 

2 mg 

122 mg 



Das erf indungsgemaSe therapeutische Mittel umfaSt als Wirk- 
stoff eine Verbindung, die durch die nachfolgende Formel (1) 
und/oder (1 ' ) wiedergegeben ist , 



20 



25 




Formel (1) 



Formel {!') 



und/oder ein pharmazeutische akzeptables Salz dieser Verbin- 
dung. Das erf indungsgemaSe Mittel zeigt hohe Wirksamkeiten 
sowohl in bezug auf die unmittelbaren als auch spaten 
3 5 asthmatischen Reaktionen und insbesondere auf die spaten 

asthmatischen Reaktionen, Bedingt durch die geringe Toxizitat 
kann das erf indungsgemSSe Mittel sicher beim Menschen darge- 
reicht werden. 
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Patentanspriiche 

5 

1. Therapeutisches Mittel gegen Asthma, dadurch gekennzeich- 
net, daS das therapeutische Mittel als Wirkstoff eine Verbin- 
dung, die durch die nachfolgenderx Formeln (1) und/oder (1') 
wiedergegeben ist, und/oder ein pharmazeutisch akzeptables 
10 Salz davon, enthalt, 



15 



20 




Formel (1) 



Formel (1') 



25 

wobei in Formel (1) bzw. (1*) 

R und unabhangig voneinander ein Wasserstof f atom, ein Ha- 
logenatom, eine Trif luormethylgruppe, eine Nitrogruppe, eine 
30 Ci"Cg-Alkyl-Gruppe oder eine Ci-Cg-Alkoxyl-Gruppe darstellen, 
wobei R^ und R^ unter Ausbildung einer Methylendioxygruppe 
miteinander vernetzt sein konnen ; 

R-^ exne Arylgruppe, eine aromatische heterocyclische Gruppe, 
35 eine 5 bis 7 Mitglieder enthaltende Cycloalkylgruppe oder 
eine 5 bis 7 Mitglieder enthaltende Cycloalkenylgruppe ist, 
wobei die Arylgruppe, die aromatische heterocyclische Gruppe, 
die ^Cycloalkylgruppe und die Cycloalkenylgruppe substituiert 
sein kann; 
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R^' ein Wasserstof f atom, eine Hydroxylgruppe , eine -S-Gluta- 
thione-Gruppe, eine -S-of-Aminosaure-Gruppe , oder eine Aralkyl 
(Arylalkyl) -Gruppe, die an ihrem Arylrest substituiert sein 
5 kann, darstellt; 

ein Wasserstof f atom oder eine C^-Cg -Alkylgruppe ist, oder 
wobei R4 und R5 unter Ausbildung einer einzigen Bindung mit- 
einander verbunden sein konnen; 

10 

Y ein Sauerstof f atom oder ein Schwefelatom darstellt, 
n eine ganze Zahl zwischen 0 und einschlieSlich 5 ist und 
15 das Selenatom oxidiert sein kann. 

2, Therapeutisches Mittel nach Anspruch 1, dadurch gekenn- 
zeichnet, daS es als Wirkstoff 2-Phenyl-l , 2-Benzoisoselen- 

20 a2ole-3 (2H} -one Oder ein pharmazeutisch akzeptables Salz da- 
von enthalt. 

3. Therapeutisches Mittel nach Anspruch 1 zur Behandlung von 
Bronchialasthma . 

25 

4. Therapeutisches Mittel nach Anspruch 2 zur Behandlung von 
Bronchialasthma , 

5, Therapeutisches Mittel nach Anspruch 1, dadurch gekenn- 
3 0 zeichnet, daS es die spaten asthmatischen Reaktionen unter- 

druckt . 



35 



6. Therapeutisches Mittel nach Anspruch 2, dadurch gekenn- 
zeichnet, daE es die spaten asthmatischen Reaktionen unter- 
drvickt . 
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Function of Thioredoxin Reductase as a Peroxynitrite 
Reductase Using Selenocystine or Ebselen 

Gavin E. Arteel, Karlis Briviba» and Helmut Sies* 

Institut fur Physiologische Chemiel Heirvich-Heine-Universitat Dusseldoif, Postfach 101007, 

D-40001 Dusseldorf. Germany 

Received October 2, 1998 

The activity of mammalian thioredoxin reductase as a peroxynitrite reductase was 
investigated. Peroxynitrite was infused to maintain a 0.2 fjM steady-state concentration in 
potassium phosphate buffer (pH 7.4). Benzoate hydroxylation and nitrite formation were used 
as indices of oxidation reactions of peroxynitrite and of peroxynitrite reduction, respectively. 
In the presence of NADPH (IQfM), thioredoxin reductase at 50 nM alone did not significantly 
scavenge peroxynitrite, as shown by there being no significant effect on benzoate hydroxylation 
or nitrite formation. However, when selenocystine (1 //M) or ebselen (2/iM) was present in the 
reaction mixture, there was significant suppression of benzoate hydroxylation and an increase 
in nitrite formation until all the NADPH was oxidized. The addition of thioredoxin did not 
enhance these effects. In contrast, peroxynitrite reduction by ebselen complexed with BSA 
was enhanced by the presence of thioredoxin. In parallel experiments, thioredoxin reductase 
efficiently reduced ebselen selenoxide back to ebselen. 



Introduction 

Peroxynitrite^ is a potent oxidizing and nitrating 
species. Tissue damage in a number of pathological 
conditions in humans and in experimental animals have 
been linked to in vivo peroxynitrite formation (see ref 1 
for review). Selenium-containing amino acids and low- 
molecular weight organoselenium compounds (e.g., eb- 
selen) rapidly react with peroxynitrite {2, and protect 
against DNA damage caused by peroxynitrite « 5). We 
proposed that cellular proteins containing seleno-amino 
acids may selectively protect against damage due to 
peroxynitrite (6). Glutathione peroxidase can act as a 
peroxynitrite reductase (7), and recent work showed that 
selenoprotein P in human plasma may also act to protect 
against peroxynitrite 

Thioredoxin reductase (TR^), coupled with thioredoxin 
fTrx) and NADPH, is an efficient general protein disulfide 
reductase (see ref 9 for review). Mammalian TR has a 
much broader substrate specificity than its Escherichia 
coy/ counterpart, including selenite (10^ and a number of 
organoselenium compounds [e.g., selenocystine {11)], as 
well as cytosolic and plasma glutathione peroxidases {I2l. 
In addition to efficiently reducing selenoproteins and 
selenocompounds, mammalian TR is itself a selenopro- 
tein (/j). containing a selenocysteine residue near the 
carboxy terminus (I4j, Here we investigated whether 
mammalian TR can function as a peroxynitrite reductase. 



* To whom correspondence should be addressed: InsUtut fur 
Physiologische Chemie I, Heinrich-Helne-Universitat Dusseldorf. Post- 
fach 101007. D-40001 Dusseldorf. Germany. Telephone: +49-21 1-811- 
2707. Fax: +49-21 1-811-3029. E-mail: helmut.sies@^ml-duesseldorf.de. 

' The term peroxynitrite is used sometimes to refer to both the 
peroxynitrite anion proper (ONOO") and peroxynitrous acid (ONOOH); 
the lUPAC names are oxoperoxonitrate(l-) and hydrogen oxoperox- 
onltrate. respectively. 

2 Abbreviations: DTPA, diethylenetriaminepentaacetic acid: eb- 
selen, 2-phenyM.2-benzloseIenazol-3(2/4-one: BSA. bovine serum 
albumin: TR, thioredoxin reductase: Trx. thioredoxin. 



Experimental Procedures 

Reagents. Diethylenetriaminepentaacetic acid (DTPA), se- 
lenocystine. AA{l-naphthyl)ethylenediamlne, sulfanilamide, bo- 
vine serum albumin, and benzoic acid were from Sigma (De- 
isenhofen, Germany). MnOz was from Fluka (Buchs, Switzerland). 
Human Trx and bovine TR (EC 1.6.4.5) were from Imco 
(Stockholm, Sweden). NADPH was from Boehringer (Man- 
nheim, Germany). 2-Phenyl-l,2-benzioselenazol-3(2/^-one (eb- 
selen) was kindly provided by Rhone-Poulenc-Rorer (Cologne, 
Germany). Peroxynitrite was synthesized from sodium nitrite 
and H2O2 using a quenched-flow reactor (/^), and H2O2 was 
eliminated by passing the peroxynitrite solution over MnOz 
powder. The final peroxynitrite concentration was determined 
spectrophotometrically at 302 nm (f = 1700 M"* cm"'). 

BSA-Ebselen Complex. An aqueous solution of BSA (580 
^M) was mixed 1:1 (v/v) with dlmethylformamide containing 4 
mM dissolved ebselen or dlmethylformamide alone (BSA control) 
and the mixture incubated for 15 min at 37 X (/6). Unbound 
ebselen was removed by passing the mixture through a Sepha- 
dex G-15 column (10 mm x 100 mm). Allquots containing 
protein were pooled and then dlalyzed against 1000 volumes of 
ddHzO for 2 h at 4 *'C, and then against 1000 volumes of PBS 
(pH 7.4. 4 'O overnight. The absorption spectrum of the complex 
was used to determine the bound ebselen concentration (^330 = 
7700 M"' cm*'). The ratio of ebselen to BSA was calculated to 
be 0.3 mol per mole of BSA. 

Hydroxylation of Benzoate Caused by Steady-State 
Infusion of Peroxynitrite. Peroxynltrite-medlated oxidation 
reactions were monitored using benzoate as a model target 
compound as described previously (7, 17i, Peroxynitrite was 
infused with a micropump at a rate of 35 //L/mln from a 72 //M 
stock solution while being constantly mixed with a magnetic 
stirrer at room temperature into a mixture (0.4 mL) containing 
benzoic acid (1 mM) and DTPA (0.1 mM) In 0.5 M potassium 
phosphate buffer (pH 7.4); the final volume was 470 ^L. The 
steady-state input concentration of peroxynitrite (0.2 /<M) was 
calculated by using the infusion rate of peroxynitrite and its 
decay rate in phosphate buffer at 25 'C and pH 7.4 (0.41 s"*), 
Hydroxylation of benzoate was determined fluorometrlcally 
(Aex = 300 nm, A^m = 410 nm) 0, 0,5, 1, and 2 min after 
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peroxynitrite infusion with a fluorescence microcuvette. Aliquots 
(15 /iL) of the solutions were also taken for nitrite determination. 
Under these conditions, the individual and combined effects of 
Selenocystlne (1 /^M). ebselen (2 //M). NADPH (10;iM). TR (50 
nM). and Trx (300 nM) were determined relative to the effect 
of peroxynitrite alone {No addition). In control, reverse-order 
experiments, the various compounds used in this study did not 
significantly interfere with fluorescence determination of ben- 
zoate hydroxylation. 

Formation of Ebselen Selenoxide and Reduction by TR 
Ebselen (100 fM in 0. 1 M potassium phosphate buffer with 5% 
methanol) was oxidized to ebselen selenoxide by bolus addition 
of peroxynitrite (200 /^M), as described previously (J). To the 
resultant solution of ebselen selenoxide were added 50 nM TR 
and NADPH (100 /iM); aliquots were removed at 0, 0.25, 0.5. 1. 
2. and 4 min and added to 3 volumes of acetonitrile. Concentra- 
tions of ebselen and ebselen selenoxide in the organic phase of 
the solution were then determined by HPLC (see below). 

HPLC Analysis. Ebselen and ebselen selenoxide were 
separated and detected by HPLC as described previously (j) 
with minor modifications. Aliquots of samples (50 ^L) were 
injected onto a C-18 reverse-phase column (150 mm x 4.6 mm). 
Separation was performed with a 10 mM sodium phosphate 
buffer (pH 7.4)/acetonitrile gradient on a Merck-Hitachi L-6200A 
HPLC unit, at a flow rate of 1.0 mL/min. The linear gradient 
was from 90:10 to 24:76 over the course of 15 min. The 
organoselenium compounds were monitored with a Merck- 
Hitachi 655A UV detector equipped with a D-2500 Chromato- 
Integrator at 254 nm. Calibration curves were calculated from 
peak areas versus concentration values of standards. 

Nitrite concentrations in samples were determined with the 
Griess reaction modifled for HPLC detection. Briefly. Griess 
reagents (2.5 }ih of 0.1% A^(l*naphthyl)ethylenediamine and 10 
fiL of 2.5% sulfanilamide in 15% phosphoric acid] were added 
to 37.5 //L of a diluted sample or standard, and the mixture was 
incubated for 3 min; then the entire mixture was injected onto 
a C- 18 reverse-phase column (250 mm x 4 mm). Separation was 
performed with an aqueous solution with 40% methanol and 
3% phosphoric acid with a flow rate of 1 .0 mL/min. The resultant 
product was detected colorimetrically by its absorbance at 540 
nm. The peak areas of nitrite standards were used to calculate 
standard curves. 

Determination of NADPH. In experiments parallel to those 
described above for hydroxylation of benzoate, the amount of 
NADPH in the samples was monitored fluorometrically (Aex = 
340 nm, Aem — 450 nm) and compared with standards. These 
experiments were performed in the absence of Ijenzoic acid to 
avoid possible interference with NADPH fluorescence. 

Results 

Protection by TR with Selenocystine or Ebselen 
against Hydroxylation of Benzoate during Steady- 
State Infusion of Peroxynitrite. In the experiments 
whose results are depicted in Figure lA and summarized 
in Table 1, benzoate hydroxylation increased linearly 
with time when, over 2 min, peroxynitrite was infused 
with a micropump to maintain a steady-state concentra- 
tion of 0.2 /<M (Figure lA, top curve, Under these 
conditions, addition of 1 selenocystine (Figure lA. 
300 nM thioredoxin. or 50 nM TR alone decreased 
benzoate hydroxylation by less than 15%. Addition of 10 
NADPH prevented benzoate hydroxylation by 35% 
after 2 min of peroxynitrite infusion (Figure 1 A, a). The 
combined effect of NADPH with TR in the presence (▼) 
and absence (♦) of Trx was additive under these condi- 
tions. However, when selenocystine was added to NAD- 
PH and TR. benzoate hydroxylation was completely 
prevented during the first minute of peroxynitrite infu- 
sion (Figure lA, O); similar effects were observed when 
Trx (0.3 fiU) was added (Figure lA, v). 




0 1 2 

(min) 

1 ' 1 ' 1 

0 2 4 

(nmol) 



ONOO' Infusion 

Figure 1. Thloredoxin system and selenocystine and peroxy- 
nitrite-induced hydroxylation of benzoate or nitrite formation 
during steady-state Infusion, Panel A shows the course of 
peroxynitrite-medlated hydroxylation of benzoate in vitro as 
described in Experimental Procedures. Panel B shows the course 
of nitrite formation in the same samples as measured by Griess 
reaction modified for detection by HPLC as described in 
Experimental Procedures. The effects of selenocystine (1 /iM) 
and NADPH (10 /^M). alone or in combination with thioredoxln 
reductase (TR; 50 nM) and/or thioredoxin (Trx; 300 nM), are 
shown (see the key in the figure) and compared with the effect 
of peroxynitrite alone (No Addition). Results are means ± SEM; 
/7= 3-5. 

In the absence of NADPH, ebselen protected against 
peroxynitrite during the first 30 s of peroxynitrite infu- 
sion (Figure 2 A, a). Since the ratio of ebselen to peroxy- 
nitrite during the first 30 s was about 1:1, ebselen was 
most likely oxidized completely by peroxynitrite (J). 
Addition of TR to ebselen had no effect under these 
conditions (▼). When NADPH and ebselen were com- 
bined, the effect was additive (♦). Analogous to the effect 
described above for selenocystine (Figure lA), TR. eb- 
selen. and NADPH together completely prevented ben- 
zoate hydroxylation during the first minute of peroxyni- 
trite infusion (Figure 2A, ■). Similar results were observed 
when Trx (0.3 ^M) was added (data not shown). 

Nitrite Formation during Peroxynitrite Infusion. 

As the spontaneous decay of peroxynitrite generates 
nitrate, an increase in the yield of nitrite at the expense 
of nitrate measures peroxynitrite reduction (^. In our 
experiments, the basal nitrite level after spontaneous 
decay of 5.0 nmol of peroxynitrite infused during 2 min 
was 3.5 nmol, most likely due to synthesis or storage of 
peroxynitrite. Nitrite formation was calculated as in- 
creases over the spontaneous generation of nitrite during 
the decay of peroxynitrite. While NADPH alone decreased 
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Table 1. Effect of the Thioredoxin System and 
Selenocystine on Pero^^rnitrite-Induced Hydroxylation 
of Benzoate and Nitrite Formation during Steady-State 
Infusion" 

effect of peroxynitrite 
infusion (2 min) 





benzoate 


amount 




hydroxylation 


of nitrite 


treatment 


(arbitrary units) 


formed (nmol) 


no addition^*" 


100.0 ± 6.7 


0.0 


thioredoxin reductase (50 nNf) 


87.2 ± 5.1 


0.1 ±0.1 


thioredoxin (300 nM) 


95.9 ± 3.2 


0.2 ± 0.2 


selenocystine (I ^M)* 


85.8 db 4.5 


0.1 ±0.2 


NADPH (lOjuM)* 


65.6 ± 4.1 


0.1 ±0.1 


TR, Trx, and NADPH* 


54.9 ± 1.6 


0.6 ±0.1 


with selenocystine* 


25.8 ± 2.3 


1.7 ±0.2 


TR and NADPH* 


51.9 ±3.0 


0.2 ±0.1 


with selenocystine* 


18.2 ± 2.3 


1.4 ±0.1 


Tnc and NADPH 


56.9 ±5.1 


0.3 ±0.1 


with selenocystine 


57.0 ±5.1 


0.2 ± 0.2 


TR and Trx 


82.6 ± 5.1 


0.1 ±0.2 


with selenocystine 


72.6 ± 4.3 


0,1 ±0.1 



^Peroxynitrite was infused as described in Experimental 
Procedures. The hydroxylation of benzoate and nitrite formation 
after 2 min of peroxynitrite infusion (5 nmol) was determined as 
described in Experimental Procedures. Results are means ± SEM; 
n = 3-5. * See Figure 1 for the time course during 2 min of 
ONOO" infusion. ^ The yield of product was determined to be 0.4% 
(—45 nM) relative to the amount of peroxynitrite infused. 
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Figure 2. Thioredoxin system and ebselen and peroxynitrite- 
induced hydroxylation of benzoate or nitrite formation during 
steady-state infusion. Conditions were as described in Experi- 
mental Procedures and are analogous to those described in the 
legend of Figure 1. Panel A shows the course of peroxynitrite- 
mediated hydroxylation of benzoate, while panel B shows the 
course of nitrite formation in the same samples. The effects of 
ebselen (2 pM) alone or in combination with NADPH (10 ;/M) 
and thioredoxin reductase (TR; 50 nN4) are shown (see the Icey 
in the figure) and compared with the effect of peroxynitrite alone 
(No Addition). Results are means ± SEM; n = 3-5. 

benzoate hydroxylation by 35% (Figure lA, a), no sig- 
nificant increase in nitrite formation was observed 
(Figure IB. a), suggesting that NADPH does not directly 
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Figure 3. Thioredoxin system. BSA. and the BSA-ebselen 
complex and peroxynitrite-induced nitrite formation during 
steady-state infusion. Conditions were as described in Experi- 
mental Procedures. The effects of BSA (6 fM} and the BSA- 
ebselen complex (6 /<M) alone or in combination with NADPH 
(10 ^M). thioredoxin reductase (TR; 50 nM). and thioredoxin 
fTrx; 2.5 ;iM) on peroxynitrite-mediated nitrite formation are 
shown (see Icey on figure), and compared with the effect of 
peroxynitrite alone (No Addition). Results are means ± SEM; 
n = 3-5. 

react with peroxynitrite, but competes with benzoate for 
an oxidizing species of peroxynitrite. Selenocystine alone 
had no effect on nitrite formation (Figure IB and Table 
1). Ebselen (2 ^M) alone did increase nitrite formation 
by 0.3 nmol during the first 30 s of peroxynitrite infusion 
(Figure 23, a), as expected from previous studies («3). 
However, ebselen did not significantly increase nitrite 
formation during the subsequent 1 .5 min of peroxynitrite 
infusion, further suggesting that ebselen is oxidized 
completely by peroxynitrite by the first 30 s of the 
experiment. Under conditions when a catalytic inhibition 
of benzoate hydroxylation was observed, i.e., when sele- 
nocystine or ebselen was combined with TR and NADPH 
(Figures lA and 2A). a significant increase in nitrite 
formation was observed relative to control conditions 
(Figure IB, O and v; Figure 2B. ■). 

Nitrite tended to form more rapidly in the first minute 
than during the second minute. This effect was more 
pronounced with selenocystine (Figure IB, O) than with 
ebselen (Figure 28, ■). The ratio of the amount of nitrite 
formed to the amount of peroxynitrite infused during the 
first minute was ~0.4 and 0.3 for selenocystine and 
ebselen. respectively. Trx (300 nM) slightly increased 
nitrite formation during the first minute with selenocys- 
tine (Figure IB, v) with a ratio of 0.6 mol of nitrite 
formed for each mole of peroxynitrite infused, but had 
no effect on nitrite release caused by ebselen (data not 
shown). Nitrite release with higher concentrations of TR 
(300 nM) alone with NADPH was similar to that of 50 
nM TR and not significantly greater than controls (data 
not shown). 

The production of nitrite by the thioredoxin system in 
the presence of BSA or BSA-ebselen was also investi- 
gated (Figure 3). Under these conditions, BSA-ebselen 
{6fM protein concentration. □) or BSA (6/<M, ■) did not 
increase nitrite release compared to peroxynitrite alone 
( ). Indeed, after 2 min of peroxynitrite infusion, nitrite 
formation decreased by 0.3 nmol. While the free cysteine 
of BSA can directly scavenge peroxynitrite with an 
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Figure 4, Effect of TR, selenocystine, and ebselen on the 
peroxynitrite-induced oxidation of NADPH during steady-state 
infusion. The oxidation of NADPH during infusion of peroxyni- 
trite was monitored fluorometrically as described in Experi- 
mental Procedures. The effects of selenocystine (1 ^M) and 
ebselen (2 piM) alone or in combination with thioredoxin 
reductase (TR; 50 nM) are shown (see the key in the figure) 
and compared with the effect of peroxynitrite alone (No Addi- 
tion). If vehicle (0.1% KOH) was infused instead of peroxynitrite, 
the rate of NADPH oxidation was <0.15 nmol/min. Results are 
means ± SEM; /? = 3-5. 

apparent second-order rate constant of 2800 s~* at 
37 "C (76), concentrations used here were too low to have 
a significant scavenging effect. While BSA, combined 
with TR and NADPH (a), did not increase nitrite forma- 
tion, BSA-ebselen, TR, and NADPH (a) did. The addi- 
tion of Trx (2.5 ^M) to the reaction mixture caused an 
increase in nitrite formation for both BSA (♦) and BSA— 
ebselen (O) in the presence of TR and NADPH. However, 
while the effect with BSA was slight and only occurred 
after 2 min of peroxynitrite infusion (♦), the effect with 
BSA-ebselen (O) occurred as early as after 30 s of 
peroxynitrite infusion; at this time point, the ratio of the 
amount of nitrite formed to the amount of peroxynitrite 
infused was 0.4. 

Oxidation of NADPH during Peroxynitrite Infu- 
sion. The oxidation of NADPH during peroxynitrite 
infusion was observed in experiments parallel to those 
described for ebselen and selenocystine (Figures 1 and 
2). The rate of NADPH oxidation when vehicle (0.1% 
KOH) was infused instead of peroxynitrite was <0.15 
nmol/min under all conditions. Selenocystine (Figure 4, 
O) had no significant effect on the oxidation of NADPH 
caused by peroxynitrite (•), while ebselen prevented 
NADPH oxidation during the first 30 s of peroxynitrite 
infusion (d); after the first 30 s, the rate of NADPH 
oxidation was similar for all three groups. In the presence 
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Figure 5. Fonnation of el>selen selenoxide by peroxynitrite and 
reducUon by TR. Ebselen and ebselen selenoxide were detected 
by HPLC as described in Experimental Procedures. Ebselen 
selenoxide (100 /<M) was formed by bolus addition of peroxyni- 
trite (200 ;*M) under constant vortexing (A). Panel B shows the 
formaUon of ebselen after incubation of ebselen selenoxide (100 
//NO with TR (50 nM) and NADPH (100 /iM) for 2 min, and panel 
C gives the time course of the reduction of ebselen selenoxide 
(•) to ebselen (O) by TR and NADPH. Results are representative 
HPLC chromatographs (panels A and B) or means ± SEM; n — 
3-4 (panel C). 

of TR, the rate of NADPH oxidation was slightly higher 
(1.0 nmol/min. ▲) than with NADPH alone. When sele- 
nocystine or ebselen was included with TR (a and v. 
respectively), basal NADPH concentrations decreased 
about 1 nmol prior to peroxynitrite infusion, and the rate 
of NADPH oxidation during peroxynitrite infusion was 
significantly increased (>2.5 nmol/min). If it is assumed 
that all NADPH is oxidized by reduction of selenocystine 
or ebselen after the reaction with peroxynitrite, the 
stoichiometry of the reaction is 1 mol of NADPH con- 
sumed per mole of peroxynitrite infused. Trx had no 
significant effect on the results described above (data not 
shown). 

Reduction of Ebseien Selenoxide by TR. Figure 5 
shows the reduction of ebselen selenoxide to ebselen by 
TR and NADPH. As observed previously (j). ebselen was 
efficiently oxidized to ebselen selenoxide by peroxynitrite 
(Figure 5A). Addition of TR (50 nM) and NADPH (100 
fM) led to a rapid disappearance of ebselen selenoxide 
concomitant with an increase in the level of ebselen 
(Figure 5B). The amount of ebselen formed (Figure 5C. 
O) accounts for the ebselen selenoxide that disappeared 
( ). The major part of the reaction was complete after 
incubation for 2 min (Figure 5C). After incubation for 4 
min, about 95% of the ebselen selenoxide was reduced 
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Figure 6. Proposed mechanism for thioredoxin reductase- 
mediated reduction of peroxynitrite to nitrite (or peroxynitrous 
acid to nitrous acid). The mechanism is based on that estab- 
lished for the reducUon of ROOH to ROH by thioredoxin 
reductase and selenocysteine (7/), as well as on previously 
reported peroxynitrite reductase activity for glutathione per- 
oxidase and the mimic, ebselen (5, ^. Initial reduction of the 
diselenide of selenocystine by thioredoxin reductase requires 2 
equiv of NADPH. 

to ebselen, suggesting a 1:1 stoichiometry with added 
NADPH. 

Discussion 

TR and Selenocystine. TR alone had no apparent 
peroxynitrite reductase activity under the conditions 
used. However, it was effective in the presence of sele- 
nocystine (Figure 1 and Table 1). Peroxynitrite-induced 
oxidation was significantly suppressed (Figure lA), and 
nitrite formation increased (Figure IB). These effects 
tended to follow the time course of NADPH oxidation 
(Figure 4). suggesting an enzymatic effect Selenocystine 
is reduced by mammalian TR with an apparent /Cn of 6 
liM. and a A^t of 3200 min"* (£), which is more than 4 
orders of magnitude faster than the k^aa for reduction of 
selenocystine by GSH (75). Since TR and NADPH ef- 
ficiently reduce selenocystine directly. Trx is most likely 
unnecessary for maintaining selenocysteine in the re- 
duced state. This is in agreement with the observation 
here that Trx produced no significant enhancement of 
the peroxynitrite reductase activity of TR coupled with 
selenocystine and NADPH (Figure 1). Figure 6 schemati- 
cally depicts the proposed mechanism of thioredoxin 
reductase-mediated reduction of peroxynitrite in the 
presence of selenocysteine. Peroxynitrite is reduced to 
nitrite by the selenol of selenocysteine; the resultant 
selenenic acid is then reduced by thioredoxin reductase 
at the expense of NADPH. While de novo synthesis of 
free selenocysteine reportedly does not occur in vivo, free 
selenocysteine is formed by the decomposition of seleno- 
proteins or by the transsulfuration of selenomethionine 
(see ref 201qv review). Free selenocysteine is converted 
to selenide by selenocysteine )5-lyase, but the enzyme is 
slow with a reported of 0.83 mM (^7). Therefore, low 
concentrations of selenocysteine may be present inside 
the cell and could be involved in defense against perox- 
ynitrite. 
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TR and Ebselen. Results similar to those described 
above for selenocystine were observed with ebselen 
(Figures 2 and 4). Ebselen has been shown previously to 
have an affinity for TR, competitively inhibiting the Trx- 
dependent reduction of insulin by TR with an apparent 
Ai of 2.8 (Z3. It is shown here that TR and NADPH 
can efficiently reduce the selenoxide of ebselen in the 
absence of Trx (Figure 5). These data support the 
hypothesis that the reaction of ebselen with peroxynitrite 
can be catalytically maintained in the presence of a 
reducing system. The efficient reduction of ebselen sele- 
noxide to ebselen by TR and NADPH suggests that this 
enzyme may be relevant in vivo. Figure 6 also depicts 
the proposed mechanism by which the reaction with 
ebselen and peroxynitrite is maintained catalytically by 
thioredoxin reductase at the expense of NADPH. 

Role of Trx in the TR and Ebselen -Albumin 
Complex. Upon administration, extracellular ebselen is 
present in human plasma as an albumin complex {23^, 
most likely as a selenenyl sulfide with the reactive 
cysteine residue on the protein (24^, In the experiments 
described here. TR increased nitrite formation during 
peroxynitrite infusion in the presence of ebselen com- 
plexed with BSA (Figure 3). However, unlike selenocys- 
tine (Figure IB) or free ebselen (Figure 28). Trx enhanced 
nitrite formation under these conditions (Figure 3). These 
data suggest that while TR and NADPH. in the absence 
of Trx. can reduce the selenenyl sulfide complex of BSA- 
ebselen and release free ebselen, Trx increases the 
efficiency of the reaction; once free, ebselen should react 
as depicted in Figure 6. but it is possible that the reaction 
occurs also in the bound form. While the reported 
concentration of Trx in human plasma is quite low (~3 
nM {23i\, this does not take into account localized 
concentrations of Trx in blood or turnover of the protein 
by secretion from endothelial cells and blood cells, both 
of which have been shown to contain high levels of Trx 
and TR {26, 27\, Previous work has shown that while 
plasma cannot support the reduction by BSA-ebselen of 
cholesteryl linoleate hydroperoxides in low-density lipo- 
protein, whole blood can (76), supporting the hypothesis 
that there is a cellular process providing reducing 
equivalents in whole blood not found in plasma. 

Concluding Remarks. The contribution of the mam- 
malian thioredoxin system to antioxidant defense has 
previously been investigated. While the thioredoxin 
system has been shown to directly reduce lipid hydro- 
peroxides (77. 28^, the reaction rate is relatively slow. 
However, the ability of the thioredoxin system to reduce 
more potent antioxidants may be biologically significant. 
For example, ascorbate {29^, glutathione peroxidases (7^. 
and thioredoxin peroxidases (27^ are reduced by the 
thioredoxin system. The observations here not only 
support the hypothesis that the thioredoxin system may 
contribute to antioxidant defense but also suggest that 
it may play a speciHc role in peroxynitrite defense. The 
recent observation that L929 murine fibrosarcoma cells 
overexpressing Trx are resistant to the cytotoxicity of 
SIN-1 (JQ supports this hypothesis. 
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Human placenta thioredoxin reductase (HP-TR) in 
the presence of NADPH-catalyzed reduction of (165)- 
hydroperozy-(6Z)»(aZ),ll(Z),13CS)-eicosatetraenoic acid 
((15S>-HP£rrE) into the corresponding alcohol ((165)- 
HETE). Incubation of 50 nM HP-TR and 0.5 mM NADPH 
with 300 ft2kil5-m*CTE for 5 min resxdted in formation of 
16.5 MM 1&-HETE. After 60 min, 74.7 /iM 15- HPET E was 
reduced. The rate of the reduction of 15*HPErrE by the 
HP-TR/NADPH peroxidase system was increased &-fold 
by the presence of 2J5 $m selenocystine, a diselenide 
amino acid. In this case, 15-iIPETE was catalytically 
reduced by the selenol amino acid, selenocysteine, gen- 
erated firom the diselenide by the HP-TR/NADPH sys- 
tem. To a smaller extent, selenodiglutathione or human 



well as (15S)-HP£T£ when exposed to arachidonic add 15- 
lipoxygenase (3). Further conversion of 15-HPETE, enzymati- 
cally and non-enzymatically, leads to the formation of epoxy 
alcohols and trihydroxyeiccsatrienoic acids (4), to dioxygenated 
derivatives such as 6,15-diHPETE, 8,15-diHETE, and 14,15- 
diHCTE (3) and to lipoxins (5). In addition, glutathione peroxi- 
dase-catalyzed redaction of 15-HP£?r£ into the corresponding 
hydroxy add (15-HETE) is likely to have importance for in vivo 
detoxification of 15-HPETE and other fatty add hydroperoxides. 

Thioredoxin (Trx) is a ubiquitous 12-kDa protein with the 
conserved active-site sequence -Cys-Gly-Pro-Cys- located on a 
protrusion in its three-dimensional structure (6). Oxidized thi- 
oredoxin with an active-site disulfide is reduced by NADPH 
and thioredoxin reductase (TR), and reduced thioredoxin is a 
powerful general protein disxilfide reductase (6, 7). Since its 
original isolation from Escherichia coli as a hydrogen donor for 
the enzyme ribonudeotide reductase essential for the synthesis 
of deoxyribonudeotides and DNA (8), many new functions have 
been discovered (6, 7). Thus, thioredoxin can regulate the ac- 
tivity of enzymes, receptors, or transcription factors via thiol- 
redox control (7). Adult T-cell leukemia-denved factor is a 
secreted form of himian thioredoxin operating as a cytokine (9). 
Thioredoxin reductase is a FAD-containing dimeric enzyme 
that has been purified and characterized from a variety of 
spedes (10). Mammalian TR has a broad substrate spedfidty 
and reacts not only with its homologous Trx but also with E. coli 
Trx (11), 5.5'-dithiobis(2-nitrobenzoic add) (11), GS-Se-SG (12), 
selenite (13), vitamin K (14), alloxan (15), and the active-site 
selenocysteine residue in glutathione peroxidases (GSH-Px) (16). 
Selenium is an essential tr ace element th at is kn own to have 

hind theanUo^ is tibe formation of selenocysteine 
„ froiTse^^ 

thioredoxin also potentiated the reduction of 16-HPETE activesite of ^luto^io ne peroxi dases (17). ThesellnzyT^M'de' 



by HP-TR, Hydrogen peroxide and 15-HPETE were re^"'"**GSSnfy'^!y3ST0^^ and organic 

hydroperoxides (18). Selenite and GS-Se-SG are both eflidently 
reduced directly by mammalian TR or the complete thioredoxin 
system (12, 13). In these reactions selenide (HSe~) is formed 
and recycles with oxygen giving rise to a non-stoichiometric 
large oxidation of NADPH. Recently we showed that thiore- 
doxin reductase with or without reduced thioredoxin is an 
electron donor to human plasma GSH-Px in the reduction of 
hydroperoxides (16). 

_The aim of the present study was to investigate whether 



duced at approximately the same rate by HP-TR, thiore- 
doxin, and selenocystine. In contrast, l-butyl hydropei^ 
oxide was reduced at a 10-fold lower rate. Our data 
suggest two novel pathways for the reduction and de- 
toxification of lipid hydroperoxides, hydrogen peroxide, 
and organic hydroperoxides, ie. the human thioredoxin 
reductase-dependent pathway and a coupled reduction 
in the presence of selenols or selenide resulting from the 
reduction of selenocystine or selenodiglutathione. 



thioredoxin reductase and thioredoxin can refluce lipid hy ^ 

T,i -J u droperoxidea an^ ^low mol^lar weight aelenium compouhra 
Polyunsaturated fatty aada can be oxygenated mto liy - ^actas chawS e%rtaly8ts. This could be B Jirtm ^ 
droperoxides, either non-enzymatically (1) or in the presence of 



specific lipoxygenases (2). Thus, arachidonic add, an abimdant 
polyunsaturated fatty acid in tissues, can provide il6RJ5)- 
HPETE^ and its regioisomers by non-enzymatic oxygenation as 
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' The abb reviations used are: HPETE, hydroperoxyeicosatetraenoic 
acid; HETE. hydroxyeioosatetraenoic acid; TR, thioredoxin reductase; 



4^talternative patBway g^^^ 
idesTn addiHonTolSH^^med^ . 

EXPERIMENTAL PROCEDURES 

(155)-HP£T£ (purity, in excess of 96%) was obtained by incubation 
of arachidonic add (Nu-Chek-Prep, Inc., Elysian, MN) with soybean 
lipoxygenase at 0 "C (19). (1&/{,S>-HPETE was prepared by autoxida- 
tion of arachidonic add followed by isolation by silidc acid chromatog- 
raphy and straight-phase HPLC (cf. Ref. 20). ( 1&S)-H£TE was prepared 
in quantitative yield by reduction of (155)-HPETE with triphenylphos- 

Trx, thioredoxin; HP-TR. human placenta thioredoxin reductase; CT- 
TR, calf thymus thioredoxin reductase; HPLC, high performance liquid 
chromatography; 05-Se-SG, selenodiglutathione; GR, glutathione re- 
ductase; GSH-Px, glutathione peroxidase. 
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Time (min) 

FU3. 1. Time course of reduction of (16S)-HP£TE in the pres- 
ence of TR and NADPH. (1GS)-HPETE (300 fiM) was added to 0.5 ml 
of 50 mM Tris-Ha. 1 mM EDTA, pH 7.5, containing NADPH <0.5 mH) 
and either 50 nM) HP-TR (□) or 50 nM CT-TR (■). The mixtures were 
kept at room temperature, and at the times indicated, the reactions 
were terminated by freezing in dry ioe^ethanol. The hydropenudde and 
its corresponding alcohol were extracted with diethyl ether and ana* 
lyzed by straight-phase HPLC as described in the text. 

phine in diethyl ether. t-Butyl hydroperoxide and yeast GR were from 
Sigma. DirSelenocystine was from Serva. TR from hiunan placenta and 
calf thymus was purified essentially as described by Luthman and 
Hobngren (14). Enzyme activities were standardized by using 6,6'- 
dithiobis(2-nitn)benzoic acid) as a substrate (14). E. coli TR was a 
homogenous preparation as described previously (13). Recombinant 
human Trx was prepared as described by Ren et oL (21) and 
was reduced prior to use with dithxothreitol followed by desalting 
over a Sephadex 0-25 column. GS-Se-SG was prepared as described by 
Bjdmstedtef ai (12). 

Spectrophotometric Measuremenia— The reduction of selenocystine 
was performed in 50 mM TWs-HCI. I mM EDTA. pH 7.5, with 200 fiU 
NADPH. The reduction was followed at 340 run as oxidation of NADPH 
using a mM extinction coefficient of 6.2. To both the reference and the 
sample cuvette was added HP-TJl. The reactions were started by addi- 
tion of selenocystine to the sample cuvette and an equal volume of 
bu0er to the reference cuvette. The final volume was 0.50 ml. 

Spectrophotometric DetermirusUon of Peroxidase Activity— The reac- 
tions were performed in 50 mM Tris-HCl, t mM EDTA. pH 7.5, with 600 
pM NADPH. The reduction of hydroperoxides was followed as oxidation 
of NADPH at 340 nm. To the cuvettes were added HP-TR. Trx, and 
selenocystine to fmal concentrations of 50 nM, 2.0 m", and 2.5 /tM. 
respectively. The reactions were started by addition of peroxide (150 
fiM) to the sample cuvette and an equal volume of 99.5% ethanol to the 
reference cuvette. 

Determination of Peroxidase Activity by HPLC Analysis of (15S)- 
HPETE and (15S)-HETE—To a reaction mixture composed of 60 mM 
Tris-HGl. 1 mM EDTA. pH 7.6, and 0.5 mM or 1 mM NADPH was added 
either TR, TR + Trx, TR + selenocystine. TR + GS^SG. or GR. The 
reactions were started by addition of (15S)-HPETE to a flnal concen- 
tration of 300 /iM. After incubation at room temperature for 15 min (if 
not otherwise indicated) the reactions were terminated by rapid freez- 
ing in dry ice/ethanol. Incubation mixtures of 15-HPETE (0.5 ml) were 
acidified to pH 4 and rapidly extracted with 7 ml of diethyl ether. The 
ether phase was washed three times with water and taken to dryness. 
The residue waa analyzed by straight-phase HPLC using a column of 
Nudcosil 60 -6 (260 x 4.6 mm; Macherey-Nagel (Dttren. (jerroany)) and 
2-propBnoVhexane/acetic add (1.5:08.5:0.02. v/v/v) at a flow rate of 1.5 
ml/min. The absorbaru^e at 235 nm of the eflluent was monitored and 
the digitized signal integrated using a Macintosh SE^O. The retention 
volumes of (15S>-HETE and (15S)-HPETE were 10.2-10.9 and 12.8- 
13.5 ml, respectively. 

RESULTS 

Reduction of Lipid Hydroperoxides by Mcunmalian Thiore- 
doxin Reductase— {l^SyHPETE (300 ^) incubated with 
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Fio. 2. Reduction of (1S5)-HPETE as a fanction of substrate 
concentration. (155)-HPETE (0-500 pM) was added to 0.5 ml of 
HP-TR (60 nM), NADPH (0^ mM), and EDTA (1 mM) in 50 mM Tris-Ha 
buffer, pH 7.6. and kept at room temperature for 80 min. The reaction 
mixtures were extracted with diethyl ether and analyzed by s^idgfat- 
phase HPLC. 

HP-TR or CT-TR and NADPH was reduced to (15S)-HETE 
(Pig. 1). In order to investigate possible stercospecificity, (15K, 
S)-HPETE was incubated with CT-TR/NADPH and the 15- 
HETE produced (32% reduction) as well as the remaining 15- 
HPETE (68%) were subjected to steric analysis (22). Both com- 
pounds were foxmd to be \'irtually racemic (ratio of S to H 
enantiomers, 49.9:50.1 (15-HETE) and 50.8:49.2 (15-HPETE)). 
Thus there was no discrimination between enantiomers in the 
CT-TR-prora(rted reduction of 15-HPETE. The initial part of 
the reaction was faster using CT-TR compared with HP-TR 
(Pig. 1). There was an almost linear relation between the con- 
centration of (15S)-HPETE and product formed up to 500 pM 
concentration of (15S>-HPETE (Pig. 2). Addition of Trx to 
HP-TR increased the rate of the reduction of (15S)-HPETE by 
60% (Fig. 3) indicating that both proteins of the human Trx 
system can reduce lipid hydroperoxides. In contrast, neither 
£. coli thioredoxin reductase nor yeaat glutathione reductase 
had any significant peroxidase activity (Fig. 3). 

Reduction of Selenocystine by Mammalian Thioredoxin Re- 
ductase— Addition of HP-TR (50 nm) to selenocystine resulted 
in a very rapid oxidation of a stoichiometric amount of NADPH 
consistent with cleavage of each molecule of selenocystine into 
two molecules of selenocysteine (Fig. 4). Addition of GS-^e-SG 
or selenite to mammalian TR results in redox cycling with 
oxygen and a large non-stoichiometric oxidation of NADPH (12, 
13). In the reaction between TR and selenocystine. especially at 
high concentrations of selenocystine, the oxidation of NADPH 
continued after oxidation of a stoichiometric amount (Fig. 4). 
This is consistent with redox cycling with oxygen. Thus, sel- 
enocysteine is autoxidized by oxygen, and the resulting seleno- 
cystine is again reduced by TR, 

Reduction of Lipid Hydroperoxides by Catalytically Regener- 
ated Selenols—The presence of selenocystine (2,5 pM) increased 
the peroxidase activity of HP-TR 8-fold (Fig. 3). After 15 min of 
incubation of HP-TR and selenocystine 72.5% of (15S)-HPETE 
(or 108.8 nmol) was reduced. Similar results were obtained 
with two other fatty add hydroperoxides, i.e. the a-linolenic 
acid-derived ( 13S)-hydropcroxy-(9Z),(ll£),(15Z)-octedecatrie- 
noic acid and (9S)-hydroperoxy-(10E),(12Z),(15Z)-octadecatrie- 
noic add (data not shown). The presence of Trx only marginally 
increased the rate of the selenocysteine-coupled reaction (Fig. 
3). Even when used in 0.5 fiM concentration, selenocystine 
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Fig. 3. Reduction of (1SS>-HP£TE under various cottditions. 
(16S)-HPETE (300 mm) was added to the agents Indicated dissolved in 
0.5 ml of 50 mM Tris-HCl. I mM EDTA. pH 7.5. The mixtures were kept 
at room temperature for 15 min. A, buffer control; B, 1 mM NADPH; C, 
50 nM HP-TR; A 50 dm HP-TR plus 1 mM NADPH; E, 50 nM E. eoli 
thioredoxin reductase (BC-TR) plus 1 mM NADPH; F, 50 nM CT-TR plus 
1 mM NADPH; G, 1 unit of yeast GR plus 1 mM NADPH; H, 60 nM 
HP-TR, 2 nM Trx. and 1 mM NADPH; /, 50 nM HP-TR, 5 fiM GS-Se-SG, 
and 1 mM NADPH; J, 50 nM HP-TR, 2.5 fiM selenocystine, and X mM 
NADPH; K, 50 nM HP-TR. 2.5 jiM selenocystine, 2 Trx, and 1 mM 
NADPH. The reaction mixtures were extracted with diethyl ether and 
analyied by straight-phase HPLC. The values are averages of at least 
two individual experiments. 




Pre. 4. Redaction of selenocystine by TR. The reactions were 
performed in 60 mM Tris-HCl, 1 mM EDTA, pH 7.5, with 200 ^m 
NADPH. To both the reference and the sample cuvette was added 
selenocystine to final concentrations of 10 fiM (A), 20 mm (•), 30 ^M (■), 
and 40 $iu (O). 'Die reactions were started by addition of TR to the 
sample cuvette and an equal volume of buffer to the reference cuvette 
(final volume, 500 fd). The reactions were followed at 340 nm. 



approximately doubled the rate of the TR/Trx-dependent per- 
oxidase reaction (data not shown). Hydrogen peroxide and 
(15S)-HPETE were reduced at approximately the same rate by 
HP-TR, Trx, and selenocystine (Fig. 5). However, the rate of 
reduction of /-butyl hydroperoxide was slower. Addition of GS- 
Se-SG (5 tiM) to HP-TR increased the rate of the reaction by 
60% (Fig. 3). GS-Se-SG will react with TR and form selenide 
(12). The resuJts show that selenide can act as a charge transfer 
catalyst between TR and hydroperoxides. As a control, selenocys- 
tine (2.5 pM) without TR and NADPH was added to (15S>- 
HPETE (300 ^iM). The extent of reduction (0,6%) of the hydroper- 
oxide did not differ from that observed with bufler (Fig. 3). 

DISCUSSION 

Our results show that lipid hydroperoxides can be reduced by 
TR, The mechanism of TR-dcpendent peroxidase activity is 




Fig. 5. Reduction of different hydroperoxides. The reactions 
were performed in 50 mM Tris-HCl, 1 mM EDTA, pH 7.6, with 600 (iM 
NADPH. To the reference as well as the sample cuvette were added 
HP-TR (60 nM), Trx (2 ftM), and selenocystine (2.5 ^M). The reactions 
were started by addition of <-butyl hydroperoxide (A), (15S)-HPETE (O), 
or HaOa (•) to the sample cuvette in a final concentration of 150 mm ond 
an equal volume of buifer or ethanol to the reference cuvette (final 
volume, 500 The reduction of hydroperoxide was followed as oxida- 
tion of NADPH at 340 nm. 



likely as shown in Pig. 6A. Trx has previously been shown to 
slowly reduce hydrogen peroxide and other non-disulfide re- 
agents if coupled with NADPH and thioredoxin reductase (14, 
15, 23, 24). 

Selenocystine is a diselenide amino acid (25, 26). Upon re- 
duction selenocystine is decomposed into two molecules of the 
selenol amino acid selenocysteine (26). This amino acid is an 
essential component of several proteins including GSH-Px (17). 
In mammalian cells selenocysteine is incorporated in proteins 
by a selenocysteinyl-tRNA^ that recognizes the nonsense 
codon UGA (27). Free selenocysteine is produced in mamma- 
lian tissues by decomposition of selenoproteins and trans-sul- 
furation of selenomethionine (28). Selenocysteine is catabolized 
by selenocysteine 0-lyase into L-alanine and selenide (29). How- 
ever, the of this enzyme is high (0.83 mM) (29), indicating 
that it is important only at rather high concentrations of sel- 
enocysteine. In the present study it was shown that selenocys- 
tine was efficiently reduced by TR and NADPH. Experiments 
with low concentrations of TR indicated that the kinetic pa- 
rameters for the reaction with selenocystine are similar to that 
of the natural substrate thioredoxin, Le, a low and a high 
turnover number.^ The veiy fast reduction of selenocystine by 
TR suggests that selenocystine is kept reduced intracellularly. 

Rotruck et al. (30) in 1973 reported the presence of selenium 
as a component of GSH-Px. The field of selenium and antioxi- 
dant functions have expanded to include intracellular and ex- 
traceUxilar GSH-Px (28) as well as synthetic selenium com- 
pounds like ebselen (31). GSH has been considered to be the 
only electron source for selenium-dependent hydroperoxide re- 
duction, but human plasma contains essentially no free GSH 
(32). Recently we showed that the human Trx system is an 
efGdent electron donor to human plasma GSH-Px (16). In this 
reaction TR or TR + Trx regenerates the charge of the active- 
site selenocysteine, which is oxidized during the peroxidase 
reaction. To investigate if this selenium-coupled peroxidase 
activity of TR was dependent on selenium inserted in a protein, 
(.e. GSH-Px, we added free selenocystine and GS-Se-SG to TR. 
The selenium-coupled reaction involves regeneration of Cys- 
Se" from Cys-SeOH (Fig. 6B), in accordance with the regener- 
ation of the active-site charge of GSH-Px (16). Cys-Se~ reduces 
hydroperoxides to the corresponding alcohol. At high concen- 
trations of selenocystine, reduction of Cys-SeOH by Cys-Se' 
and formation of Cys-Se-Se-Cys will occur. A possible mecha- 
nism for the potentiation of TR-dependent peroxidase activity by 

' M. Bjttmstedt, M. Hamberg, and A. Holmigren. manuscript in 
preparation. 
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GS-Se-SG is the regeneration of HSe" from HSeOH. One expla- 
nation for the higher activity of selenocystine compared with 
selenide is that the nudeophilidty of the selenium atom in sel- 
enocysteine should be greater than that of selenium in selenide. 

Selenocystine was previously reported to have a low GSH-Px 
activity together with 2 mM GSH and GR (25). However, this 
activity is unlikely to be of physiological significance since the 
pH optimum for the reaction was 8.0 and the reaction was 
observed with 10.0 pLM selenocystine and the maximum turn- 
over based on the V„„ was only 0.01 x min"^ (25). In fact 
sodium selenite was found to be more active than selenocys- 
tine. In the present study we found that the turnover of the 
selenol vdth hydroperoxide in the reaction catalyzed by TR was 
6 X min'\ 

Unsaturated fatty acid hydroperoxides serve as intermedi- 
ates in the formation of biologically important compounds such 
as leukotrienes and lipoxins. In other situations, lipid hy- 
droperoxides can accumtdate in tissues and exert harmful ef- 
fects. Specifically, 15-HPETE, the hydroperoxide used in the 
present study, can oxidatively modify low density lipoprotein 
and has been implicated in atherosclerosis (33). One pathway 
for the elimination of lipid hydroperoxides involves reduction in 
the presence of glutathione peroxidase and glutathione. The 
present work gives evidence for another mechanism for detox- 
ification of lipid hydroperoxides, i,e, the reduction into alcohols 
in the presence of thioredoxin reductase and NADPH. This 
pathway and its high capacity when operating together with 
catalytic amounts of selenocysteine could serve as an important 
alternative to glutathione peroxidase. 
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Selenite is a substrate for calf thymus thioredoxin reductase 
and thioredoxin and elicits a large non-stoichiometric oxidation 
of N ADPH in the presence of oxygen 
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The thioredoxin system, comprising NADPH, thioredoxin reductase and thioredoxin reduces 
protein disulfides via redox-active dithiols. We have discovered that sodium selenite is a substrate for 
the thioredoxin system; 10 fiM selenite plus 0.05 calf thymus thioredoxin reductase at pH 7.5 
caused a non-stoichiometric oxidation of N ADPH (100 ^iM after 30min). In contrast, thioredoxin 
reductase from Escherichia coli showed no direct reaction with selenite, but addition of 3 [iM E. coii 
thioredoxin also resulted in non-stoichiometric oxidation of NADPH, consistent with oxidation of 
the two active-site thiol groups in thioredoxin to a disulfide. Kinetically, the reaction was complex 
with a lag phase at low selenite concentrations. Under anaerobic conditions the reaction stopped 
after I mol selenite had oxidized 3mol NADPH; the admission of air then resulted in continued 
consumption of NADPH consistent with autooxidation of selenium intermediate(s). Ferricytochrome 
c was effectively reduced by calf thymus thioredoxin reductase and selenite in the presence of oxygen. 
Selenite caused a strong dose-dependent inhibition of the formation of thiol groups from insulin 
disulfides with either the E, coli or calf-thymus thioredoxin system. Thus, under aerobic conditions 
selenite catalyzed, NADPH-dependent redox cycling with oxygen, a large oxygen-dependent con- 
sumption of NADPH and oxidation of reduced thioredoxin inhibiting its disulfide-reductase activity. 



Selenium is now known to be an essential trace element 
for a wide range of living organisms, including man [1-3]. 
Some forms of selenium show potent anti-carcinogenic and 
anti-ncoplastic activity [4-10]. Inorganic selenium com- 
pounds, like sodium selenite, strongly stimulate cell growth at 
approximately 50 nM and inhibits at greater than 1 (1 1]. 
This biphasic effect on cell growth in tissue culture occurs by 
unknown mechanisms [11]. The most established function of 
selenium in mammalian cells is as an essential selenocysteine 
residue in the active site of glutathione peroxidase, a 
detoxifying enzyme [12]. However, changes in the function of 
glutathione peroxidase do not seem to be directly involved in 
the effects of selenite on cell growth [11, 13]. 

It has long been known that selenite reacts with thiols [14, 
1 5). We have therefore investigated if selenium compounds 
interact with the thioredoxin system (thioredoxin, NADPH 
and thioredoxin reductase) which is a hydrogen donor for 
ribonucleotide reductase [16-18]. The thioredoxin system is 
also a multifunctional disulfide-reducing system present in all 
species including Escherichia coli and manunalian cells [18]. 
Thioredoxin reductase catalyzes the reduction of oxidized 
thioredoxin (Trx-Si) by NADPH, and reduced thioredoxin 
[Trx-(SH) 2] is the disulfide reducUse (Eqns 1-3): 

Correspondence to A. Holmgren. Department of Biochemistry, 
The Medical Nobel Institute, Karolinska Institutet, Box 60 400, 
S-t04 01 Stockholm, Sweden 

Abbreviations, Trx-Si, oxidized thioredoxin, Trx-(SH)2, reduced 
thioredoxin, GS-Se-SG. selenodiglutathione; Nbsi, 5.5'-dithiobis(2- 
nitrobenzoic acid). 

Enzymes. Thioredoxin reductase (EC 1.6.4.5); superoxide dismu- 
tasc (EC 1 .1 5.1 .1); calalase (EC 1 .1 1 .1 .6). 



Trx-Sa + NADPH + H 



^ Tn-Si reductue 



Trx(SH)2 



+ NADP* 



(1) 



Trx-(SH)2 + protein-Si Trx-Sj + protein-(SH)2. (2) 



Net: NADPH + H * + protein-Sj NADP* 
•f protein.(SH)a. 



(3) 



We have discovered that selenite serves as an excellent sub- 
strate for a mammalian thioredoxin system. The nature of 
these reabtions provide new mechanisms for oxidation of 
NADPH, thioredoxin reductase and thioredoxin of import- 
ance for theefTects of selenite on cellular functions and growth. 



/ 



MATERIALS AND METHODS 

Ditliiothreitol, NajSeOj, Na2Se04, NADPH, superoxide 
dismutase, 5,5'-dithiobis(2-nitrobenzoic acid) (Nbs2), ferri- 
cytochrome c and cataiase were from Sigma. Bovine insulin 
was from Nordisk Insulin A/S, Gentofte, Denmark. 



Enzyme preparations 

Thioredoxin from E. coli [19] and calf thymus [20] were 
homogenous preparations. Thioredoxin reductase from £. coli 
was purified to homogeneity from A237/pPMR14, an £. coli 
strain containing the cloned trxB gene [21]. This was gener- 
ously provided by Dr. Maijorie Russel, Rockefeller Univer- 
sity, New York. Thioredoxin reductase from calf thymus was 



iirified to homogeneity essentially aTdescribed for rat liver 
(22) except 'that the enzyme was eluted from ADP-Sepharose 
by*a gradient of 0.01 —0.50 M potassium phosphate, pH 7.5, 
and a flnal chromatography step on Superose 12 was used. 
The enzyme (A/, 116000) was stored at 8 mg/ml in 50 mM 
Tris/Cl, 1 mM EDTA, pH 7.5, at -70X. Dilutions of the 
enzyme for the experiments were made to I.O mg/ml (8.6 |iM) 
in the same buffer, kept in an ice bath and were frozen at 
— 20X between experiments, without loss of activity. 

Spectrophotometric measurements 

The activity with selenite was determined in semimicro 
quartz cuvettes at room temperature using a Zeiss PMQ3 
spectrophotometer equipped with an automatic sample ex- 
changer and a recorder. Measurements were done either in air 
or anaerobically in carefully evacuated and argon-equilibrated 
special cuvettes. The reaction was started by injecting the 
enzyme through a rubber septum with a gas-tight syringe. 

Enzyme assays 

Measurements of selenite reduction were performed in 
50 mM Tris/CI, 1 mM EDTA, pH 7.5, generally with 200 
NADPH. Control cuvettes, used as reference cells contained 
either no enzyme or no selenite and were automatically sub- 
tracted by the spectrophotometer. The oxidation of NADPH 
was followed at 340 nm using an £340 = 6.2 mM " * • cm " * . 

Assays of the disuinde-reducing activity of the thioredoxin 
system were based on reduction of insulin as descritx^ pre- 
viously (22). Incubations in a final volume of 120 \x\ contained 
80 mM Hepes, pH 7.6, 3 mM EDTA, 0.7 mM NADPH, 
330 ^M insulin and the indicated amounts of thioredoxin, 
selenite and thioredoxin reductase. After incubation for 
20 min at 37 X (in air) the reaction was stopped by 0.50 ml 
6 M guanidine/HCl, 0.20 M Tris/Cl, pH 8.0, 0.2 mg/ml Nbsj 
and the absorbance at 412 nm was measured to determine SH 
groups (C412 = 13.6 mM"^ • cm"'). Controls contained no 
thioredoxin or no thioredoxin reductase. 

Reduction of ferricy tochrome c 

Reduction of ferncytochrome c was followed at 550 nm 
with a Zeiss PMQ3 spectrophotometer using the method de- 
scribed by Bromberg and Pick (23). The reaction was 
performed in semimicro quartz cuvettes at room temperature 
in 500 ^1 100 nM ferricytochromecin 65 mM potassium phos- 
phate, pH 7.0, 170 mM sucrose, 2 mM sodium azide. 1 mM 
EGTA, 10 ^iM FAD with 50 nM calf thymus thioredoxin re- 
ductase and selenite. The change in /1 550 following addition 
of selenite was used to quantify the reduction of ferricyto- 
chrome c using €530 = 2.1 x 10* M"' cm"*. Superoxide 
dismutase (30 U) and catalase (40 ^g) were included in the 
assay to check the involvement of superoxide radicals. To 
obtain anaerobic conditions, the cuvettes were carefully 
evacuated of air and flushed with argon. Selenite solutions 
evacuated of air and flushed with argon were used to start the 
reactions. 



RESULTS 

Reactions with calf thymus thioredoxin reductase 

During studies of the efTect of Na2Se03 on the disulfide- 
reducing activity of the thioredoxin system, we noted oxi- 
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Rg. 1. Sdenite-depeodent oxidation of NADPH catalyzed by calf thy- 
mus thioredoxin reductase. Two cuvettes contained 0.50 ml 50 mM 
Tris/CI, 2 mM EDTA, pH 7.5, 200 pM NADPH and 50 nM calf 
thymus thioredoxin reductase. Addition of 10 ^M (O) or 40 ^M (•) 
sodium .selenite to the sample cuvette resulted in oxidation of NADPKI 
recorded at 25' C (in air). 
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Rg.2. Effect of enzyme concentration on NADPH oxidation with 
230 selenite. 50 nM (O) or tOO nM (•) calf thymus thioredoxin 
reductase was incubated with 200 ^M NADPH and selenite in 50 mM 
Tns/CI, 1 mM EDTA.pH 7.5. 



dation of NADPH in cuvettes containing only selenite and 
calf thymus tfiioredoxin reductase. With 0.05 \iM enzyme an 
extensive oxidation of NADPH was observed at /1 340 (Fig. 1 ). 
No oxidation of NADPH by selenite was recorded in the 
absence of the enzyme. Low concentrations of selenite (1 — 
10 ^M) gave a pronounced lag phase to the reaction. The 
oxidation of NADPH was non-stoichiometric and 5 nmol 
selenite caused the oxidation of 60 nmol NADPH in 60 min 
(Fig, 1). 

The efTect of a high (230 \xM) concentration of selenite and 
varying concentrations of thioredoxin reductase is illustrated 
in Fig. 2. The reaction was proportional to the amount of 
enzyme (at 2 min) but the rate with both concentrations de- 
creased with time. The reaction of NADPH with selenite was 
also catalyzed by rat liver thioredoxin reductase with the same 
efTicicncy as the calf thymus enzyme (data not shown). 

Use of sodium selenate in place of selenite with calf thymus 
thioredoxin reductase failed to give any oxidation of NADPH. 
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Fig. 3. Selenite-dependcnt oxidation of NADPH caUiyzed by E. coli 
and calf thymus thioredoxin reductase in the presence or absence of 
thiorcdoxin. The oxidation of NADPH was recorded in the presence 
of 10 mM sclenile in 0.50 ml 50 mM Tris/CI, 2 mM EDTA, pH 7.5, 
containing 200 nM NADPH with (□) 100 nM E. coli ihiorcdoxin 
reductase or (■) tOO nM ihioredoxin reductase plus 3 E, coli 
thioredoxin and (O) 100 nM calf thymus thioredoxin reductase or 
(•) 100 nM calf thymus ihioredoxin reductase plus 3 ^M calf thymus 
(hiorcdoxin. 



Reactions with E. coli thioredoxin reductase and thioredoxin 

Thioredoxin reductase from E. coli was also tested for its 
reactivity with 10 selenite. As shown in Fig. 3, no NADPH 
oxidation was observed and selenite is thus not a substrate 
for this enzyme. However, after addition of 3 |iM oxidised 
thioredoxin a fast reaction was observed (Fig. 3). Thus, also 
reduced £. coli thioredoxin catalyzes reduction of selenite. 

Effect of calf thymus tliloredoxin 

Thioredoxin from £, c*o// and calf thymus have an identical 
active-site sequence (Cys-Gly-Pro-Cys) and show the same 
activity in protein-dtsuinde reductions (18, 24], The effect of 
the calfthymus thioredoxin on the reduction of 10 nM sclenile 
was tested by using 100 nM calfthymus thioredoxin reductase 
with or without 3 yM thioredoxin (Fig. 3). A clear stimulation 
of the activity was seen in the presence of thioredoxin and 
selenite is thus reduced by both the calf thymus thioredoxin 
reductase and thioredoxin. 

i3etennination of the relationship between reaction rate 
and substrate concentration 

Determination of the K^n for selenite in the presence of air 
with the thioredoxin system was complicated by the shape of 
the progress curves with a lag phase at low selenite concen- 
trations (Fig. 1). This phenomenon was independent of buffer 
(Tris/CI or phosphate), the presence or absence of albumin 
(0.2 mg/ml) or EDTA (1-10 mM). We, therefore, chose to 
plot the maximal rate of NADPH oxidation against increasing 
substrate concentrations. The concentration of selenite giving 
half-maximal velocity was SfiM for the £. coli system 
(Fig. 4A) and 20 ^M for calf thymus thioredoxin reductase 
(Fig.4B). 

Reduction of selenite under anaerobic conditions 

Since a non-stoichiometric amount of NADPH was 
oxidized by selenite in the presence of the tliioredoxin system 
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Fig. 4. Effect of varying selenite concentratloos on NADPH oxidation 
caUlyzed by the £. coU thioredoxin system or calf thymus thioredoxin 
reductase. (A) Activity was determined in 0. t M potassium phosphate. 
10 mM EDTA, pH 7.0, 250 >iM NADPH and 0.20 mg/ml bovine 
scrum albumm with 50 nM E. coli thioredoxin reducusc and 3 jiM 
E. coli Trx. (B) Activity was determined in 50 mM Tris/CI. 1 mM 
EDTA. pH 7.5. 250 ^M NADPH with 100 nM calf thymus 
thioredoxin reductase. The maximal rate of NADPH oxidation is 
shown. 



under ordinary aerobic conditions (Figs 1 and 3), we investi- 
gated the oxygen dependence of the reaction. Therefore, ex- 
periments were performed under anaerobic conditions. As 
seen from Fig. 5, anaerobic reduction of selenite with calf 
thymus thioredoxin reductase stopped after oxidation of 
3 mol NADPH/mol selenite. The initial rate with aerobic and 
anaerobic conditions were identical (data not shown). Admis- 
sion of air resulted in a continued reaction, consistent with 
reoxidation of a product. The result suggests the following 
overall stoichiometry of the reaction (Eqn 4): 



SeO?- + 3 NADPH 4- 3 H* 



calf tbymtis I rt-Si rcductitc 



Se^ 



+ 3NADP*+3H20. (4) 

Thus, anaerobically selenide (Se^") should be generated. This 
is known to be highly sensitive to auto-oxidation [6], 

Reduction of ferricytochrome c with calf thymus thioredoxin 
reductase in the presence of selenite 

Calf thymus thioredoxin reductase (50 nM) catalyzed 
aerobically a non-stoichiometric reduction of ferricytochrome 
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Fig* 5. Oxidation of N ADPH by calf thymus thioredoxin reductase and 
seleiute under anaerobic and aerobic conditions. Reaction mixtures 
consisted of 100 mM Tris/CI, 2 mM EDTA, pH 7.5. 200 nM NApPH 
and the indicated concentrations of selenile. Anaerobic conditions 
were obtained by evacuation of air from reaction mixture and equili- 
bration with oxygen-free argon in special cuvettes. The reaction was 
started by injecting 50 nM calf thymus thioredoxin reductase through 
a rubber septum. Aerobic conditions were created by admission of air 
and mixing. Controls contained the enzyme but no selcntte. 
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Fig. 6. Aerobic/anaerobic reduction of ferrlcytochrome c by calf thymus 
thioredoxin reductase with Beleolum as an electron-transfer catalyst. 

Calf thymus thioredoxin reductase (50 nM) was incubated with 
200 nM N ADPH, 100 jiM ferricytochrome c, 1 70 mM sucrose, 2 mM 
sodium aridc, I mM EGTA, 10 yM FAD in 65 mM potassium phos- 
phate, pH 7, at room temperature with or without 40 ^g catalase and 
15 U superoxide dismutasc; (•) aerobically or (□) anaerobically. 
The change in A^^q was recorded after addition of sclcnile (20 fiM) 
to the sample cuvette. 



c with 20 pM selenite (Fig. 6). To investigate the oxygen de- 
pendence, the reaction was also studied anaerobically. The 
rate ofcytochrome-c reduction was dramatically decreased by 
removal of air from the system. Under anaerobic conditions, 
there was a slow reaction. Inclusion of superoxide dismutase 
(1 5 U) and catalase (40 pg) in the assay mixture did not influ- 
ence the rate of aerobic ferricytochrome-c reduction excluding 
the involvement of superoxide radicals or H2O2. 

Effects of seienlte on Insulin-disulflde reduction 
by the thioredoxin system 

Selenite inhibited insulin-disuIfide reduction by the thio- 
redoxin system (Eqns t -3) as shown in Table 1. Reactions 
involving calf thymus thioredoxin reductase, which also is 
active with £. coli thioredoxin [25] were particularly sensitive 
to inhibition. This is consistent with selenite reacting both 
directly with the enzyme and also with reduced thioredoxin, 
thereby blocking insulin-disuIfide reduction. As seen from 
Table 1, an almost total inhibition of insulin reduction was 
seen with higher concentration of selenite and 50% inhibition 
was observed below 10 pM selenite in ail combinations, dem^ 
onstrating a powerful effect on protein-disulflde reduction. 

DISCUSSION 

Sodium selenite was a good substrate Tor calf thymus 
thioredoxin reductase and thioredoxin reductase plus thio- 
redoxin from £■. coli, causing oxygen-dependent and non- 
stoichiome trie oxidation of N ADPH. Addition of calf thymus 
thioredoxin to the mammalian reductase resulted in increased 
reaction rate, showing that selenite and reactive intermediates 
were substrates for both proteins of the mammalian 
thioredoxin system. W§ have recently found that selenodi- 
glutathione (GS-Se-SG) i^ a substrate for calf thymus 
thioredoxin reductase, causing continous aerobic oxidation 



Table I . Effect of sodium selenite on Insulin-disulflde reduction catalyzed 
by tbe thioredoxin system* All assays contained 80 mM Hepes buffen 
pH 7.6, 3 mM EDTA and 0.7 mM NADPH along with the indicated 
final concentrations of thioredoxin reductase, thioredoxin and sodium 
selenite in a volume of 120^1. Following incubation at 37 "C for 
20 min the reaction was stopped with O.S ml 6 M guanidine/HCt. 
0.2 M Tris/CL pH 8.0, 0.2 mg Nbsj/ml and SH-group concentrations 
were determined at 41 2 nm. Activity is given as jiM SH groups formed 
in 120^1. Reaction conditions were (A) 7nM E. coli thioredoxin 
reductase with 18 pM £. coli thioredoxin; (B) 10 nM calf thymus 
thioredoxin reductase with 18 pM E, coli thioredoxin ; (C) 10 nM calf 
thymus thioredoxin reductase with 3 pM calf thymus thioredoxin; (D) 
too nM calf thymus thioredoxin reductase with 0.3 pM calf thymus 
thioredoxin. 



Sodium selenite Disulfide reduction under condition 
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of NADPH [26]. Furthermore, GS-Se-SG is a very efficient 
oxidant of reduced E. coli thioredoxin (26). 

After addition of selenite, the reaction showed a pro- 
nounced lag phase, especially at low concentrations. This lag 
phase is consistent with the formation of an active metabolite 
responsible for the non-stoichiometric oxygen-dependent oxi- 
dation of NADPH. There is no lag phase in the reaction 
between mammalian thioredoxin reductase and GS-Se-SG; 
instead there is a fast stoichiometric oxidation of NADPH 
followed by a slower continued reaction [26]. Ferricytochrome 
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c was erfectively reduced by mammalianThiorcdoxin reductase 
and selenitc/This reduction was fast in the presence of oxygen 
but 'lslow under anaerobic conditions. Selenium radicals 
formed in the reaction between selenite and thiols are known 
to reduce cytochrome c [27]. The highly efTtcient oxygen- 
dependent reduction of ferricytochrome c by selenite and the 
thioredoxin system suggests the existence and recycling of a 
selenium intermediate in oxidation-state -11, such as HSe" or 
HjSc. Ganther [14] suggested that H2SC; formed in the reac- 
tion between GS-Se-SG and glutathione reductase, reacts with 
oxygen and the result is formation and precipitation of el- 
emental selenium which leads to an end of the reaction. This 
is not likely to occur in the reaction between selenium com- 
pounds and the thioredoxin system where the non-stoichio- 
metric reaction probably is explained by the recycling of a 
reactive intermediate. This intermediate will act as a charge- 
transfer catalyst transferring hydrogen atoms from NADPH 
via the thioredoxin system to oxygen. The stoichiometry of 
the oxygen-dependent reaction is thus likely to be as suggested 
for the oxygen-dependent reaction between GS-Se-SG and the 
thioredoxin system (26): 

SH S 
/ / 
HSe* + R + (O) HSe- -f- R + H^O, 

SH S 
where R is the active site of thioredoxin or manmialian 
thioredoxin reductase. This suggested reaction is also support- 
ed by our results that superoxide dismutase and catalase do 
not influence the reduction of ferricytochrome c by selenite 
and thioredoxin reductase. These data exclude the involve- 
ment of superoxide radicals and H202- Anaerobically the 
stoichiometry was found to be 3 mol oxidized NADPH/mol 
selenite, indicating the formation of selenide (Se^ ~). 

When fully reduced ribonuclease A was treated with molar 
equivalents of selenite, SH groups were oxidized and the prod- 
ucts were elemental selenium and inactive protein molecules 
cross-linked by so-called selenodisulfide bridges (-S-Se-S-) 
[28]. In view of these results, we initially expected inhibition 
of the activity of thioredoxin or thioredoxin reductase by 
selenite since these proteins contain two redox-activc cysteine 
residues in their active sites (18, 29]. The mechanism of 
thioredoxin reductase involves transport of electrons via FAD 
to the redox-active disulfide to form a dithiol. The reaction 
with selenite probably involves consecutive two-electron re- 
ductions and oxidation of the dithiol to a disulfide with no 
stable selenodisulfide intermediate. 

Thioredoxin reductase from mammalian cells is known to 
have a broad substrate specificity and react not only with its 
homologous thioredoxin but also with £. coU thioredoxin [25], 
Nbs2 [25], vitamin K [22] and alloxan [30]. In this respect, the 
activity with selenite is in line with the broader substrate 
specificity, a properly not found for £. coli thioredoxin re- 
ductase. The difference between thioredoxin reductase from 
E. co/f and calf thymus is also refiected in the size; both have 
two identical subunits but the subunit of the mammalian 
enzyme has a A/^ 58 000 compared to that of £. coli, 35000. 

The lack of reactivity of the E. coli thioredoxin reductase 
with selenite permitted direct demonstration of the reaction 
between selenite and reduced E. coii thioredoxin; also reduced 
calf thymus thioredoxin reacted with selenite. 

Recently Tagaya et al. [31] found human thioredoxin to 
be expressed and secreted as a growth factor by activated 
lymphocytes. Furthermore, thioredoxin has been suggested to 
have important roles in the growth process of vi rally infected 
lymphocytes [32]. In the mammalian system* selenite will 
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oxidize both thioredoxm and thioredoxin reductase and thus 
act as both a substrate and a competitive inhibitor of mam- 
malian thioredoxin reductase, inhibiting its reduction of 
thioredoxin. Changes in the redox status of the thioredoxin 
system by selenite might be of great importance via the physio- 
logical functions of this system. A possible cytotoxic mechan- 
ism of pharmacological doses of selenite could be oxidative 
stress due to fast NADPH oxidation resulting from interac- 
tions between the thioredoxin system and selenite. 
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Ahstract—A synthetic seicno-organic compound, 2-phenyl-U2-bcnzoisoselcnazol-3{2fO-one (PZ 51). 
exhibits GSH peroxidasc-like activity in vitro, in contrast to its sulfur analog, PZ 25. In addition PZ 
51 behaves as an antioxidant shown by a temporary protection of rat liver microsomes agamst ascorbaiq/ 
ADP-Fe-induced lipid peroxidation, an effect also elicited by PZ 25 but to a smaller extent. This 
protection against lipid peroxidation is indcpcndcni of GSH and of P-450 monooxygenasc activity. 



Much of the role of selenium in biology can be 
attributed to the selenoenzyme glutathione per- 
oxidase (GSH Px) (1-3]. Present as selenocysteinyl 
residue, the trace element undergoes a catalytic 
redox cycle involving the selenol and selenenic ancy 
or seleninic acids [4, 5]. Since GSH Px catalyses the 
reduction of a wide variety of hydroperoxides, it 
together with GSH constitutes a powerful cellular 
defence system against so-called oxidative stress. As 
enzyme proteins may not readily reach intracellular 
target sites [6], the therapeutic use of GSH per- 
oxidase as a tetrameric enzyme could be limited 
in systemic application, quite apart from potential 
immunological problems. 

The synthesis of seleno-organic compounds which 
exhibit GSH Px-like activity has led to a series of 
substances [7], of which we have studied compound 
PZ51 and its sulfur analog, PZ25, as a reference 
compound (Scheme I); PZ25 is almost devoid of 

PZ51 



PZ 25 
Scheme I 

GSH Px activity. The present report provides infor- 
mation on GSH Px-Hke activity in vitro and on an 
antioxidant capacity of these compounds in model 
systems which is independent of GSH. The latter 
was studied in the weli-characterized microsomal 
system of lipid peroxidation initiated by ADP-Fe/ 
ascorbate [8]; lipid peroxidation was assessed by 
the thiobarbituric acid-reactive material test, alkane 
production, and low-level chemiluminescence. 



MATERIALS AND METHODS 

Biological materials and chemicals. Liver micro- 
somes were prepared from male Wistar rats fed on 
stock diet (Altromin, Lage, F.R.G.) and pretreated 
with phenobarbital (0.1% in the drinking water for 
1 week). PZ 51 and PZ25 were kindly provided by 
A. Nattermann & Co. GmbH (Cologne, F.R.G.). 
Lyophilized GSH peroxidase (1 U/mg) from bovine 
erythrocytes was a gift from Prof. A. Wendel. Other 
chemicals and biochemicals were purchased from 
Fluka (Buchs, Switzerland), Merck (Darmstadt, 
F.R.G. ), and Boehringer (Mannheim, F.R.G. ). 

Glutathione peroxidase activity. The assay mixture 
(700 jul) consisted of 50 mM potassium phosphate 
buffer, pH7.0, 1 mM EDTA, I mM GSH, 1 mM 
sodium azide, 0.25 mM NADPH, and 1 U/ml GSSG 
reductase. Absorbance at 366 nm was recorded, and 
then a sample containing GSH Px activity (usually 
50 lA) was added to estimate the sample blank. Sub- 
sequently, hydroperoxide (H2O2, r-butyl hydro- 
peroxide, or cumene hydroperoxide) was added; 
appropriate blanks were run in the absence of added 
GSH Px activity and in the presence of hydro- 
peroxide. With no GSH in the assay mixture, there 
was no absorbance decrease with PZ 51 or PZ 25 in 
the concentration range studied. 

Microsomal incubation. Microsomes were pre- 
pared as described in [9] and were stored at -18** 
before use. Incubations of microsomal fractions 
(1 mg protei^mi) were carried out under constant 
oxygenation at 37" in 7.5 ml of 0.1 M potassium, 
phosphate buffer, pH 7.4, containing 2 mM ADP/16 
pM FeS04. Lipid peroxidation was started upon 
addition of 0.5 mM a.scorbate to the above incubation 
mixture. 

Lipid peroxidation assays. The extent of lipid per- 
oxidation in the above incubation mixture was 
assessed by the thiobarbituric acid-reactive material 
test (malondiaidehyde accumulation) [10], alkane 
production [11], and low-level chemiluminescence 
[12,13]. 
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Malondialdehyde accumulation was measured at 
idc T. c (A«= IWmM per cm) with a Sigma 
^WS H Spectrophotometer (Biochem. Co., Munich, 
F.R.C.). Alkane evolution experiments were carried 
out m 43 ml-sealed flasks as described previously 
1 14j. The system was calibrated with calibration gas 
(Messer-Griesheim, Duisberg, F.R.G.) and the 
amounts of alkanes were calculated using a cor- 
rection formula for alkane dilution fill and 
expressed .n pmoles alkane formed per mg protein 
Low-level chemiluminescence was measured with 
an EMI-9658 AM photomultiplier (EMI-Gencom 
Plamview, New York, U.S.A.) sensitive in the 350- 
800 nm range. Assay conditions for chemilumi- 
nescence were described previously fl4]. Results 
shown in the figures and the table are representative 
of three different microsome preparations. 

RESULTS 

Glutathione peroxidase activity of PZ51 in vitro 

The selenocompound PZ 51 exhibits a much more 
pronounced /-butylhydropcroxide-dependent GSH 



Px activity than the sulphur analog, PZ 25 (Fig i a ^ 
Correcting for the blank with only the hydroperoxide 
present, the GSH Px-Iike activity of the latter i! 
almost zero. As shown in Fig. IB, there is a linear 
dependence on the concentration of PZ 51 until 
about 20^M both with H,0.. and f-butyl hydro 
perox.de and also with cumene hydroperoxide (not 

rzoi and GSH Px on the concentration of GSH is 
shown m Fig IC. Whereas PZ51 shows saturation 
Of Its peroxidase-like activity beyond 2mM GSH 

f^e" kin^ifb'fhawS;:" '"^"^^'^"^ 

ofly%T^nH^T^ '° ""*^y the effect 

2rnv-H f I F °" non-enzymic microsomal lipid 
peroMdation has been previously described f 14] This 
model consists in assessing the duration of the induc- 
tion period or lag phase (^), which normally pre- 
cedes the initiation of the ascorbat^ADP-Fe- 
mduced microsomal membrane lipid peroxidation 



t-BufylHydropercKide 




Sc,lber^;:S:^S^^^^^ - ^he assay carried o. as 

The reaction was started upon addition of I mM , bu^^^^^^^ 

peroxidase-like acrivity of PZ 51 andPzUZJ. hydroperoxide. (B) Dependence of GSH 
presence of 0.5mM H.oVor 1 mM "but^ hvdro °f *<= PZ compound a.ssayed in the 

peroxidase activity anS ^SH'^o^iSiff Sy^^^^^^^^^^^^ 

measurement, were carried out in .he preLnce o( llMt-^^yllyZ^^^^^^^ 
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Fig. 2. Effect of PZ 51 and PZ 25 on ascorbate/ADP- 
Fe induced MDA (A), ethane (B) and n-pentane (C) 
production of microsomal fractions. Assay conditions as 
described in the Materials and Methods section and in 
Table 1. Time courses in the absence (A) and in the 
presence of PZ 51 (•) and PZ 25 (O). Tq, induaion period 
for control; T51 for PZ 51 and Vjs for PZ 25. 

lb reflects, therefore, the occurrence of endogenous 
protective mechanisms against free radical attack to 
membrane lipids. This lag phase can be prolonged 
bv antioxidants (rj. 

?Z 51 (1.6 ;xM) considerably prolongs the lag 
phase (r5i) of ascorbate/ADP-Fe-induced lipid per- 
oxidation of rat liver microsomes as measured by 
malondialdehyde formation (Fig. 2A), alkane pro- 



duction (Figs. 2B and 2C), and low-level cherai- 
luminescence (Fig. 3). A less pronounced effect is 
obtained with 1.6^ PZ 25 (T25), as shown in the 
same figures. In spite of this prolongation of the 
induction period, the maximal malondialdehyde and 
alkane production, and chemiluminescence intensity 
are similar to control values. The difference between 
the induction periods in malondialdehyde and alkane 
(Fig- 2) on the one hand and chemiluminescence 
(Fig. 3) on the other hand might be due to the slightly 
different incubation procedures applied. The lo and 
T (1.6 PZ) values are listed in Table 1 for the 
parameters of lipid peroxidation. Since n-pentane 
has a greater lipid solubility than ethane, a slightly 
higher tq value for n-pentane was observed. 

The t/xq ratio, which indicates the relative increase 
in duration of the lag phase in the presence of PZ, 
would reflect the resistance of microsomes to lipid 
peroxidation [14], Figure 4 shows the dependence of 
the ratio on PZ concentration for chemi- 
luminescence measurements and emphasizes the 
greater efficiency of PZ 51 as compared to its sulphur 
analog PZ 25. The effect of PZ is dependent on 
microsomal protein concentration in the assay system 
(not shown), as already found with diethyldithio- 
carbamate in the same concentration range [14], and 
it might involve a specific binding to microsomal 
components. PZ 51 is also more effective than PZ 
25 in preventing the onset of microsomal lipid per- 
oxidation as reflected by alkane evolution (Fig. 5). 
At 60 min incubation time, ethane, /i-butane, and n- 
pentane have been measured in the presence of 
different concentrations of PZ in the incubation mix- 
ture. Twofold higher amounts of PZ 25 than PZ 51 
are necessary to observe the similar inhibitory effects 
on alkane production. 

It should be mentioned that these effects of PZ 




Time (min) 

Fig. 3. Time course of chemiluminescence reaction in the 
absence and presence of PZ 51 and PZ 25. zb, Tj, and Xn 
corresponding induction periods. Assay conditions as in 
Fig. 2. 
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Fig. 4. Effea of different PZ25 and PZ 51 concentrations 
on i/xq ratio estimated by chemiluminescence. Assay con- 
ditions as in Fig. 2. 



Table i. Induction periods of ascorbai^ADP-Fe induced 
lipid peroxidation from controls (ib), PZ 51 (rs,) and PZ 
25 {z2i) determined by MDA, ethane and /i-pentane pro- 
duction and chemiluminescence (CL) formation 



Induction 

period 

(min) 


MDA 


Ethane 


/i-Pentane 


CL 


ifl 


14 


15 


22 


12 




62 


54 


61 


34 




18 


. 22 


30 


15 




4.4 


3.6 


2.8 


2.8 




1-3 


1.5 


1.4 


1.3 



Assay conditions as described in Materials and Methods. 
Controls: lO^^I DMSO. PZ 51 and PZ 25: 1.6 /iM in 10 ul 
DMSO. 



on microsomal fractions have been obtained in the 
absence of GSH in the incubation medium. This was 
necessary because of the antioxidant capacity of GSH 
itself {14-16], especially in the concentration range 
necessary to support the GSH Px-Iike activity of PZ 
51. 

The absence of reducing equivalents for the cyto- 
chrome P-450 monooxygenase system (as NADPH), 
as in the present non-enzymatic-induced lipid per- 
oxidation, excludes a possible microsomal-depen- 
dent metabolism of the selenocompound, which 
might divert electrons to other pathways than the 
lipid peroxidation free radical process. 

DISCUSSION 

This study presents a synthetic seleno-organic 
compound, PZ 51, exhibiting a GSH Px-Iike activity 
in uitro; previous work by Caldwell and Tappel [17, 
18] and Yasuda et ai. [19] were centered on selenium- 
containing amino acid analogs (see Ref. 20 for a more 
detailed analysis). In addition, this new compound 
might display an antioxidant activity through a hypo- 
thetical free radical quenching capacity. However, it 
must be stressed that the term antioxidant is used in 
the present context as the capacity of retarding the 
initiation of lipid peroxidation, and it does not imply 
necessarily a free radical quenching activity. 

The sulfur analog, PZ 25, which has no GSH E^- 



like activity, exerts an antioxidant property only in 
a higher concentration range. The molecular mech- 
anism of this effect is not clear yet. Because the 
only difference between the two compounds is the 
exchange of Se for S, it may be assumed that the 
different efficiency of these compounds would be 
closely related to the selenium of sulphur moiety. 
The hydrophobic nature of these compounds might 
assure a better interaction with membrane, lipids, 
thus accounting for the low concentration necessary 
to achieve this protecting effect against lipid 
peroxidation. 

Whether PZ 51 is able to replace GSH Px in rats 
fed a selenium deficient diet, where GSH Px activity 
is decreased [17], or to provide an additional per- 
oxidase activity against oxidative stress in rats fed a 
standard diet remains to be studied. Furthermore, it 
is necessary to investigate whether the effect of PZ 
51 in uitro relies more on a peroxidase-like activity 
or on a more unspecific free radical quenching 
capacity (cf. Ref. 21). 
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PZ (pM) 

Fig. 5. Effect of PZ 25 (O) and PZ 51 {•) concentration on alkane production. Assay conditions as in 
Materials and Methods. PZ was dissolved in 10 /d DMSO, controls were with XO ^\ DMSO. Control 
values for alkane production expressed in pmol x mg protein"' in the PZ 25 experiment: Ethane, 6.0; 
/i-butane, 1.5; «-peniane, 39,8; in the PZ 51 experiment; Ethane, 8.5; /i-butane, 1.8; «-pentane, 51.4^ 

Incubation time 60 min. 
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Abstract — I. Ebsclcn (2-phcnyl-U2-bcnzisoscIciiazol-3(2H)-onc) is a non-toxic selcnchorganic drug with 
antiinflammatory, antiatherosclerotic and cytoprotective properties. 

2. Ebselen and some of its metabolites are effective reductants of hydroperoxides including those arising 
in biomembranes and lipoproteins. 

3. By reactions with hydroperoxides and thiols several tnterconversion cycles are formed which include 
ebselen metabolites with varying oxidation number of the selenium. 

4. In the presence of thiols ebselen mimics the catalytic activities of phospholipid hydroperoxide 
glutathione peroxidase. 

5. Ebselen inhibits at low concentrations a nimiber of enzymes involved in infianmnation such as 
lipoxygenases, NO synthases. NADPH, oxidase, protein kinase C and H'^/K'^-ATPase. The inhibitions 
are manifested on the cellular level and may contribute to the antiinflammatory potential of ebselen. 

Key Words: Ebselen, selenium, antioxidant, inflammation, oxidative stress, hydroperoxides, lipid peroxi- 
dation, lipoproteins, atherosclerosis, cytoprotection, drug toxicity, free radicals, lipoxygenase, eicosanoids 



INTRODUCTION 

Many diseases are accompanied or even caused by 
oxidative stress which is characterised by a situation 
that more reactive oxygen spedes are formed than 
can be counteracted by the antioxidant defence sys- 
tems of the organism. Therefore the therapeutic use 
of natural or synthetic antioxidants appears to be 
promising (Yoshikawa et ai, 1993). Among the 
antioxidants tested during the last decade, superoxide 
dismutase and xanthine oxidase inhibitors may be of 
limited relevance for human use, whereas probucol 
and ebselen are more promising even though their 
therapeutic efficacy still needs to be confirmed by 
controlled clinical tnab (Halliwell, 1992). 

Ebselen (2-phenyl- 1 ,2-benzisoselenazol-3(2H)-one) 
is an antiinflammatory seleno-organic compound 
that has been extensively studied during the last 
decade. The particular interest in this drug resulted 
among others from the early observation that ebselen 
mimics glutathione peroxidase (GPx) activities 
(Muller €t aL, 1984, Wendel et a/., I9$4) in particular 
that of phospholipid hydroperoxide glutathione per- 



oxidase (Maiorino et aL, 1988). In recent reviews 
on ebselen Sies (1993, 1994) placed the main emphasis 
on this enzyme-like catalytic property. Indeed, a 
catalytic activity of a drug being a low-molecular 
organic compound is particularly surprising, and 
there is some indication that this pseudoenzymatic 
activity may contribute in part to the pharmaco- 
dynamic profile of ebselen. Considering the mechan- 
ism of action of the GPx-like activity of ebselen (see 
below), it becomes plausible, however, that ebselen 
displays a unique pattern of chemical reactions which 
is not restricted to the GPx reaction. The special 
chemistry of ebselen appears to be the reason for the 
diversity of the ebselen actions in a great number 
of in vitro and in vivo systems as reported in the 
pertinent literature. The objective of the present 
review is to compile the molecular actions of this 
seleno-organic drug in a complex manner and to 
derive possible implications for its pharmacology. 

A substantial part of the pharmacological proflle of 
ebselen appears to be due to its action as antioxidant 
with a unique mode of action. A number of other 
antioxidants such as a-tocopherol and probucol act 
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as scavengers of lipid free radicals and thus prevent 
lipid peroxidation including secondary reactions 
triggered by it. In contrast, ebselen is a poor free- 
radical scavenger if at all but it is an effective 
scavenger of organic hydroperoxides, in particular of 
hydropcroxy-lipids. Since the latter products are 
capable of propagating lipid peroxidation, their 
removal leads eventually to the same result as in the 
case of radical scavengers. However, the beneficial 
effects of radical scavengers, in particular of a -toco- 
pherol, are limited owing to their co-oxidative 
destruction during action. This phenomenon does not 
occur with ebselen, 

CHEMICAL CONVERSIONS OF EBSELEN 

Ebselen is chemically highly reactive, in particular 
toward hydroperoxides and thiols. In such reactions 
derivatives are formed which differ from each other 
in the oxidation number of the selenium moiety. 
Ebselen itself may be regarded as the inner anilide of 
an arylselenenic acid, in which the selenium possesses 
the oxidation number +2. By various redox reactions 
ebselen can be converted to compounds representing 
the oxidation states of seleninic acid (+4), selenol 
(—2), diselenide (—1) and selenenylsulphides (±0). 
At first sight the pronounced redox activity of ebselen 
seems to contradict the fact that this drug possesses 
low toxicity — in contrast to most of other selenium 
compounds — and a comparatively long biological 
half-life in man and laboratory animals. However this 
contradiction may be simply solved by consideration 
of the fact that ebselen possesses the highest thermo- 
dynamic stability among all derivatives. This stability 
is a consequence of the energetically favoured five- 
membered ring. By combination of various redox 
reactions several reaction cycles can proceed in which 
ebselen is regenerated. Figure 1 gives a survey on 
these reaction possibilities. 

Reaction with hydroperoxides 

Ebselen and some of its metabolic derivatives are 
capable of reducing hydroperoxides to the corre- 
sponding hydroxy compounds (Fischer and Dereu, 
1987; Morgenstem et aL, 1992. Maiorino et al.^ 
1992). As shown in Table I, ebselen selenol possesses 
the highest reactivity towards hydrogen peroxide, 
whereas its selenenylsulphide exhibits only a low 
reaction rate. Among the organic hydroperoxides, 
hydroperoxy phospholipids, hydroperoxy cholcsteryl 
esters and cholesterol hydroperoxide are effectively 
reduced by ebselen (Maiorino et al„ 1992). The 
reductive detoxification of hydroperoxides appears to 
be a substantial component of the pharmacodynamic 
activity of ebselen. 



The oxidation of ebselen to its selenium oxide can 
also be accomplished by the flavin-containing mono- 
oxygenase from pig liver in an NADPH-depcndcnt 
reaction (Ziegler et aL, 1992). During the catalytic 
cycle of this enzyme a hydroperoxyflavin inter- 
mediate is formed which is the putative oxidant of 
ebselen. Similar reactions also occur with ebselen 
selenol and its methylated biotransformation product 
(Ziegler et al., 1992; Akerboom et ai,, 1995). In this 
manner, the reactions of hydroperoxides in the 
ebselen metabolism can be mimicked by oxygen and 
the NADPH-dependent flavin-containing mono- 
oxygenase system. From experiments with perfused 
rat liver it was deduced that these reactions may also 
occur in intact tissues (Akerboom et ai, 1995). 

Reaction with thiols 

Ebselen reacts with a number of thiols such as 
glutathione, VV-acetyl-L -cysteine, dithiothreitol and 
dihydrolipoate forming selenenylsulphides (Kamigata 
et al., 1986b; Cotgreave et aL, 1987; Haenen et al,, 
1990), which in turn are converted in the presence 
of an excess of thiol to ebselen selenol and ebselen 
diselenide (see Fig. 1), The occurrence of the selenol 
as intermediate in the reduction by thiols of the 
selenenylsulphide to the diselenide was clearly 
demonstrated by Cotgreave et ai (1992). These 
authors trapped the selenol by reaction with 1-chloro- 
2,4-dinitrobenzene and identified the conjugate by 
various spectroscopic methods. Thiols are also 
capable of reducing the selenium oxide of ebselen 
(Kamigata et a!,, 1986c; Fischer and Dereu, 1987; 
Glass et ai,, 1989), The precise reaction sequence of the 
latter conversion is not clear. It remains to elucidate 
whether the reduction proceeds without (cycle A in 
Fig. 1) or with ring opening (cycle A') or both. In the 
latter two cases it would have to be clarified, which 
compound undergoes ring opening — ebselen selen- 
oxide or its cyclic thiol adduct. Moreover, presuming 
cycle A' some authors proposed the intermediary 
rearrangement of the seleninylsulphide to the 
selencnic-sulphenic mixed anhydride R'-S-O-Se-R" 
(not shown in Fig. 1) before the cleavage to the 
selenenic acid by the second thiol molecule takes 
place (Reich and Jasperse, 1987; Glass et ai., 1989). 
The mechanism of the reaction of ebselen selenoxide 
with thiols apparently depends also upon the type 
of the thiol. With a-toluenethiol a thiocarbonyl 
intermediate could be demonstrated, whereas such 
a possibility was excluded with other thiols such as 
A^-acetyl-Z),L-cystcine (Glass et al., 1989). 

Ebselen also reacts with thiol groups of proteins. 
A variety of enzyme inhibitions may be accounted 
for by such a reaction (see below). A particular role 
may be ascribed to the reaction with serum albumin. 
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Ebselen is covalently bound to serum albumin via a 
selenenylsulphide bond both in vitro (Nomura et al^ 
1989) and in vivo (Wagner et 1994). The albumin- 
bound ebselen can be transferred, however, to other 
proteins containing reactive thiols such as glutathione 
S transferases and membrane proteins (Nikawa et al,, 
1994a). This transfer appears to be crucial for the 
uptake of ebselen by the cells (Wagner et a/., 1994), 

Interconversions of ebselen: the GPx-like activity 

The discovery of the GPx-like activity of ebselen in 
1984 has attracted the interest of many researchers. 
Since the glutathione peroxidases and ebselen share 




Fig. 1. Interconversions of ebselen and its metabolites by 
reaction with hydroperoxides and thiols and reaction cycles 
(A-D) under discussion for the glutathione peroxidase-like 
activity of ebselen. The compounds are ebselen (I), ebselen 
selenoxide (II), ebselen selenenylsulphide (III), ebselen 
selenol (IV) and ebselen diselenide (V). Compounds without 
a Roman number are putative intermediates. R stands 
for residues of polyunsaturated phospholipids, cholesteryl 
esters, cholesterol or any other organic hydroperoxide or 
hydrogen; R' stands for glutathione, dihydrolipoate, N- 
acetylcysteine or thiol protein residue. Cycle A is operating 
if the hydroperoxide is in excess over the thiol; otherwise the 
cycles B, C or D arc preferred. Cycle B may occur in aprotic 
solvents whereas cycles C and D include compound IV and 
operate in aqueous systems in proportions dependent on the 
type of the thiol. Cycle D is analogous to the catalytic cycle 
of selenium-containing glutathione peroxidases. The scheme 
does not contain the comproportion reaction (11) + (V)— » 3 
(I) + H2O which ^affords a further possibility to regenrcate 
ebselen from its metabolites. Moreover the exchange reac- 
tion of compound HI with other thiols is not considered. 



Tabic 1. Second order rate constants of ebselen and its derivatives 



with hydrogen peroxide* 





Rate constant 


Compound 


(mM-' min-') 


Ebselen 


0.29 ± 0.07 


Ebsdcn glutathione selenenylsulphide 


^0.01 


Ebselen selenol 


2.8 ±0,5 


Ebselen diselenide 


0.32 + 0-05 



•From Morgcnstcm et at (1992). 

the presence of a catalytically active selenium, it was 
plausible that ebselen could be a model for the 
catalytic mechanism of the GPx. The active site of the 
GPx contains a selenocysteine which is converted 
during the catalytic cycle to a selencnic acid derivative 
and glutathione selenenylsulphide (for review see 
Flohe, 1989). In the case of ebselen the analogous 
catalytic cycle must imply the selenol form of ebselen. 
In earlier work on the mechanism of the GPx-like 
activity of ebselen Fischer and Dereu (1987) were not 
able to demonstrate a selenol intermediate. On the 
basis of their experimental data they proposed the 
functioning of two catalytic cycles (cycles A and B in 
Fig. 1) dependent on whether the hydroperoxide 
(cycle A) or the thiol (cycle B) occurs in excess over 
the other reaction partner. It was the merit of these 
authors to demonstrate relevant chemical intercon- 
versions of ebselen independent of their involvement 
in the GPx-like activity. The failure to demonstrate 
ebselen selenol in this study may be due to the fact 
that the authors conducted the experiments in an 
aprotic solvent, dimethylformamide; moreover they 
used bcnzylmercaptane instead of glutathione as 
thiol. Later work of other groups has unequivocally 
established the transient formation of the selenol in 
aqueous systems containing glutathione (Maiorino 
et ai, 1988; Haenen et aL, 1990; Cotgreave et al,, 
1992; Morgenstem et al,, 1992). In this way the cycle 
C would be operative under the premise that both 
ebselen selenol and ebselen diselenide are obligate 
intermediates. Cycle C was supported by the obser- 
vation that the rate of the formation of ebselen 
diselenide from ebselen glutathione selenenylsulphide 
is linearly dependent on the concentration of gluta- 
thione but no net consumption of glutathione ensues 
(Haenen et al.^ 1990), However, owing to its high 
reactivity toward hydroperoxides (Table 1), the 
selenol can also be directly converted to ebselen, thus 
closing cycle D. It has been estimated that under 
conditions of a typical peroxidase assay the selenol 
is the predominant molecular species responsible for 
the glutathione-(70%) and dithiothreitol-dcpendent 
(96%) peroxidase activities of ebselen via cycle D 
(Morgenstem et al,, 1992). 

As mentioned above, interconversion reactions 
mediated by hydroperoxides can also be brought 
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about by oxygen in the presence of NADPH and 
the flavin-containing monooxygenase. The possible 
role of this system in the ebselen metabolism in vivo 
is supported by the observation that ebselen and 
its biotransformation product 2-(methylseleno)- 
benzanilide enhance the efflux of glutathione disul- 
phide in the perfused rat liver which is suppressed by 
the monooxygenase inhibitor JV-benzylimidazole 
(Akerboom et al, 1995). This efflux of glutathione 
disulphide may be brought about via cycle D in 
Fig. 1, with the exception that the reoxidation of 
ebselen selenol is caused by the monooxygenase. It 
remains in question, however, whether the mono- 
oxygenase pathway is implicated in the. therapeutic 
effects of ebselen, inasmuch as an enhanced release of 
oxidised glutathione from cells may be regarded as 
a criterion for oxidative stress rather than for an 
antioxidant or antiinflammatory effect. Conversely, 
in another experimental model ebselen was shown to 
protect hepatocytes against drug-induced depletion 
of glutathione (Li et aL, 1994). 

Recently another catalytic activity of ebselen 
related to its redox interconversions has been 
described, acceleration of the reduction of ferricyto- 
chrome c by thiols (Engman et ai, 1994). Here again 
ebselen selenol or its selenolate anion, respectively, 
may transfer one electron to the cytochrome thereby 
forming a selenium-centered radical that in turn 
recombines to ebselen diselenide. In this way, the 
thiol-cytochrome c reductase mimetic activity may be 
brought about by redox shuttling between ebselen 
diselenide and ebselen selenol. 

Dihydrolipoate has been shown to be a better 
cofactor for the GPx-like activity of ebselen as 
compared to glutathione (Haenen et aL, 1990). This 
difference appears to be due to the presence of 
a second tfiiol group which constitutes an intra- 
molecular nucleophile in the corresponding selenenyl- 
sulphide so that the latter is more rapidly converted 
to the selenol and then to the diselenide. From this 
property of dihydrolipoate some implications as to 
the pharmacology of ebselen may be considered. 
Although the intracellular concentration of dihydro- 
lipoate is lower by several orders of magnitude than 
that of glutathione, this dtthiol reacts preferably with 
ebselen. In this way an accumulation of ebselen 
glutathione selenenylsulphide in vivo is counteracted. 
The glutathione adduct of ebselen is comparatively 
more hydrophilic and believed to give rise to a higher 
renal clearance of ebselen (Cotgreave et al., 1988). 
For this reason, the pharmacologic efficacy of 
ebselen is expected to be improved by simultaneous 
administration of lipoic add. Lipoic acid alone is a 
drug used in a variety of diseases including liver 
and neurological disorders and asthma. In vivo it 



forms a redox couple with dihydrolipoate by the 
action of nutochondrial keto-add dehydrogenases. 
The dihydrolipoate turned out to be a universal 
free-radical quencher which can scavenge peroxyl 
radicals both in the cytosol and in the hydrophobic 
membrane domains (Kagan a/., 1992). In this 
manner, lipoic add is an antioxidant prodrug with 
a mode of action quite different from that of 
ebselen. Therefore, the two drugs may act synergisti- 
cally in the therapy of disorders connected with 
oxidative stress. 

The GPx-like activity of ebselen is not only exerted 
with hydrogen peroxide but also apparcritiy with any 
organic hydroperoxide. The rate of the reaction with 
hydroperoxy phospholipids has been reported to be 
more than 10 times higher than that with hydrogen 
peroxide (Maiorino et aL^ 1988). This preference of 
lipophilic substrates may be due to the hydrophobic 
nature of the ebselen molecule. Thus, with respect 
to its catalytic activity ebselen resembles the seleno- 
enzyme phospholipid hydroperoxide glutathione 
peroxidase (PHGPx) with the distinction that the 
PHGPx possesses a molecular activity three orders of 
magnitude higher than that of ebselen (Maiorino 
et al,, 1988). PHGPx has been shown to be widely 
distributed in rat tissues (Roveri et al,, 1994). Owing 
to the much higher molecular activity of true PHGPx, 
the PHGPx-mimetic activity of ebselen may be 
relevant only for such compartments where PHGPx 
is absent (e.g. in blood plasma) or present in very low 
concentrations. Moreover, it should be stressed that 
even in severe selenium defidency of mice the activity 
of PHGPx in various tissues only drops to about 
30—70% of the control values (Weitze! et ai,, 1990) 
which should be still suffldently high to sustain the 
enzymatic reduction of hydroperoxy-lipids in cells 
unless extremely severe oxidative stress proceeds. 
These considerations give rise to some doubt whether 
the multiple pharmacological actions of ebselen, in 
particular those displayed on the cellular level, can be 
explained solely by the GPx-like activities. Rather it 
appears likely that partial routes of the reaction 
cycles shown in Fig. I contribute to many actions of 
ebselen. A GPx-like activity operates only in such 
cases in which one of the cycles A, B, C or D is 
repeatedly closed. Thus, the pharmacology of ebselen 
may be primarily the consequence of its complex 
redox interconversion chemistry, a reflection of which 
are among others the GPx-like activities. 

Photochemistry of ebselen 

The photochemical reactions of ebselen need to 
be only considered if this drug is intended to be used 
in cutaneously administered pharmaceutical com- 
positions or cosmetics (e.g. for the treatment of U.V. 
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erythema or in sun protectants). The photochemistry 
of ebselen was studied by Kamigata et aJ. (1986a). 
These authors observed muhifarious conversions 
upon irradiation of ebselen in the UVB range. The 
Se-N bond in ebselen turned out to be particularly 
sensitive to homolytic cleavage. The intermediate 
6w -radical recombines readily to a seven-mcmbered 
seleno-iactame ring; the corresponding compound 
could be isolated from the reaction sample in benzene 
in high yield. When the authors the irradiation 
performed in /-butanol, they found a variety of 
additional reaction products including ebselen 
selenoxide which was believed to be a photooxidation 
product under these conditions. The proposed reac- 
tion sequences are shown in Fig. 2. Under aerobic 
conditions the putative peroxo and hydroperoxo 
radicals of ebselen may be expected. These radicals 
are believed to be highly reactive. In particular, the 
ebselen hydroperoxo radical shares some reaction 
possibilities with hydroxyl radicals, so that it may be 
regarded as crypto-OH radical. It is conceivable that 
identical radicals like those in photooxidation are 
also formed by reaction of pcroxyl radicals with 
ebselen. This possibility would explain the marked 
prooxidative behaviour of ebselen in certain free- 
radical model systems (see next chapter). 

0(her reactions of ebselen 

Ebselen selenol appears to play a role as inter- 
mediate not only in the interconversions of ebselen 
but also in its hepatic biotransformations. This con- 
clusion arises from the structures of the urinary and 
plasma metabolites which represent Se-methylated 
and Se-glucuronylated derivatives of ebselen selenol. 
The Se-methylated ebselen selenol (2-[methylseleno}- 
benzanilide) is believed to display still some pharma- 
cologic activity since it can be converted to the 
corresponding selenoxide (Akerboom e/ al,, 1995). 
For details as for the biotransformations of ebselen 
the reader is referred to the former reviews by Sies 
(1989) and Sies (1993). 

Ebselen has been reported to convert a defined 
proportion of rat liver cytochrome P-450 in a time- 
dependent reaction (Kuhn-Velten and Sies, 1989). 
A half-maximal effect was observed with 50;iM 
ebselen. Pretreatment of cytochrome F-450 with 
dithioerythritol or bovine serum albumin prevented 
this conversion. The authors proposed that only 
certain isoenzymes may be susceptible to this effect 
of ebselen and that ebselen reacts with the thiolate 
anion of the apoprotein being the fifth ligand of haem 
iron. 

Furthermore it was demonstrated that ebselen 
converts leukotriene B4 to its biologically inactive 
&trans isomer (Kuhl et al., 1986). The mechanism of 
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this isomerization, that could be a further catalytic 
action, has not been studied. 

EBSELEN AND LIPID PEROXIDATION 

Reactions with free radicals 

It has been shown by pulse radiolysis experiments 
that ebselen reacts rapidly with trichloromethylperoxyl 
radical, the rate constant being 2.9 x 10* M"' sec"*, 
and other halogenated radicals (Schoneich et aL, 
1990). Indirect evidence was also obtained for a reac- 
tion with non-halogenated peroxyl radicals by the use 
of a carotinoid bleaching competition test (Maiorino 
et aL, 1992). In contrast, ebselen does not react with 
diphenylpicrylhydrazyl that is reactive against potent 
free-radical scavengers (Noguchi et aL, 1992). It 
follows from these data that ebselen is capable of 
reacting only with highly reactive radicals, but even 
in the case of peroxyl radicals this reaction is not a 
radical-scavenging one, since the carotinoid bleaching 
reaction was shown to be enhanced by ebselen rather 
than inhibited (Maiorino et ai, 1992). It may be 
speculated that ebselen forms with peroxyl radicals a 
selenium peroxo-6w radical which is more reactive 
than the parent radical (see left part of Fig. 2), 

The lack of radical-scavenging activity of ebselen is 
further substantiated by the observation that ebselen 
does not inhibit lipid peroxidation induced by free- 
radical initiators such as 2,2'-azo-^ty-(amidino- 
propane) and that it does not protect a -tocopherol 
from co-oxidative destruction during this process 
(Noguchi et al., 1992). 

A matter of speculation is also the putative 
reaction of ebselen with superoxide or hydroperoxyl 
radicals. Cotgreave et ai. (1989) observed that 
ebselen, when applied in concentrations lower than 
those needed for inhibition of the NADPH oxidase 
system of granulocytes, caused in phorbol ester- 
stimulated graniilocytes a reduction of external 
acetylated cytochrome c which was not inhibited by 
superoxide dismutase excluding the involvement of 
free superoxide. This reduction may have been caused 
by a superoxide adduct of ebselen which is supposed 
to be prone to oxidation forming ebselen and oxygen. 

Ebselen is also capable of quenching singlet oxygen 
with a rate constant of 2.5 x 10* M"* sec** (Scuriock 
et al.y 1991). As compared to other singlet oxygen 
quenchers this activity is however only modest. All 
in all, the reactions of ebselen with free radicals 
appear to be — if any — of minor importance for the 
pharmacological actions of this drug. 

Action on lipid peroxidation 

As mentioned above ebselen fails to inhibit lipid 
peroxidation induced by free-radical initiators. By 
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contrast, ebselen in micromolar concentrations is a 
potent inhibitor of lipid peroxidation processes in- 
duced by transition metals, e.g. in microsomes (MuIIer 
€i at., 1984). in mitochondria (Narayanaswami and 
Sies, 1990) and with methyl linoleate (Noguchi et aL, 
1992). This type of lipid peroxidation is brought 



about by a Fenton-type reaction of the metal ion with 
traces of hydroperoxides forming an alkoxyl radical 
and the higher valency state of the metal; the alkoxyl 
radical in turn propagates a free-radical chain 
reaction. Ebselen inhibits this process at its earliest 
stage by removing the hydroperoxides. It should be 
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Fig. 2. Photochcnucal conversions of ebselen under aerobic and anaerobic conditions. In the absence of 
oxygen, there occurs a homolytic cleavage of the Se-N bond leading to a 6£f -radical that recombincs to 
the seleno-lactamc VI. In the presence of oxygen, photooxidation of ebselen yields the putative peroxo 
and hydroperoxo radicals that oxidise other compounds thereby being reduced to ebselen sclcnoxide (II) 
as one of the final photooxidation products. The secondary radicals R- react with either ebselen or 
compound VI or with the photolysis products of them, so that a number of other stable products can 
be formed (not shown here). For details sec Kamigata et al, (1986a), The peroxo radicals of ebselen may 
also be formed by reaction of peroxyl radicals with ebselen. 
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stressed that under certain conditions ebselen and 
its analogues may even stimulate lipid peroxidation 
as was observed with hepatocytes in which lipid 
peroxidation was initiated by diquat redox cycling 
(Andersson et a/., 1994), Hence ebselen cannot be re- 
garded as a universal inhibitor of lipid peroxidation. 

The inhibition by ebselen of certain forms of lipid 
peroxidation is not obligatorily dependent on the 
presence of glutathione (Muller et al., 1984) indicat- 
ing that the hydroperoxide-reducing action rather 
than the GPx-tike activity is responsible for the 
inhibition. Glutathione is however required in 
such in vitro systems in which the formation of 
hydropcroxy-lipid exceeds the concentration of 
ebselen available. In this case glutathione is needed 
to regenerate the ebselen from ebselen selenoxide 
(cycle A in Fig. 1). Such a situation should be 
however rarely met in vivo, inasmuch as even in 
oxidative stress the accumulation of hydroperoxides 
is to a large extent counteracted by the physiological 
defence systems such as glutathione peroxidases. 
Moreover, it must be stressed that the study of 
the interaction of ebselen and glutathione in lipid 
peroxidation processes is hampered by the fact that 
glutathione is an antioxidant by itself, possibly 
by virtue of scavenging free radicals. In this way 
synergistic effects of glutathione and ebselen indepen- 
dent of the GPx-like activity may explain the obser- 
vation of Muller et aL (1985) that ebselen fails to 
inhibit the ferrous ADP-tnduced lipid peroxidation 
in glutathione-depleted hepatocytes obtained froin 
phorone-treated rats. 

Effect on oxidative modification of lipoproteins 

Oxidative modification of low-density lipoproteins 
(LDL) is thought to be an early event in the patho- 
genesis of atherosclerosis in man (Steinberg et al„ 
1989). This process can be brought about by either 
hydroperoxy-lipids or reactive oxygen species that 
oxidise lysine residues in apoprotein 6-100, which 
gives rise to a preferential uptake of the lipoprotein 
by monocyte-derived macrophages via scavenger 
receptors. Studies with cholesterol-fed rabbits 
supported the idea of the possible involvement of 
15-lipoxygenase in the oxygenation of LDL and in 
the development of atherosclerotic lesions (Kuhn 
et aL^ 1994). The oxygenation of the lipid compart- 
ment of the LDL concerns to a large extent the 
cholesteryl esters. However in blood plasma there is 
no effective physiological system for the removal of 
the hydroperoxides of cholesterol and cholesteryl 
esters residing in lipoproteins. Ebselen has been 
reported to effectively reduce these hydroperoxides to 
the corresponding alcohols (Maiorino et al., 1992; 
Sattler et at., 1994) and to inhibit the copper- 
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induced oxidative modification of LDL (Thomas and 
Jackson, 1991; Noguchi et al,, 1994). The latter 
conclusion is based on the observations that ebselen 
inhibits the oxygen upUke and maintains the intact- 
ness of the apoprotein. The copper-induced oxidative 
modification is believed to require the presence of 
trace amounts of hydroperoxy-lipids in the lipo- 
proteins (Thomas and Jackson 1991); its removal 
by ebselen provides efficient protection against 
this deleterious action. Moreover, ebselen reduces 
dramatically the cytotoxic action of oxidatively 
modified LDL against endothelial cells (Thomas 
et al., 1993). Therefore ebselen could be a potential 
antiatherosclerotic drug. This proposal has to be 
confirmed, however, in experimental studies with 
laboratory animals and in clinical trials. 

A conflicting issue appears to be the state and 
activity of ebselen in plasma and whole blood 
respectively. As stated before, ebselen seems to be to 
a large part covalently bound to serum albuniin via 
a selenenylsulphide bond. This albumin-bound 
ebselen is not capable of reducing the hydroperoxides 
present in oxidatively modified LDL in the absence of 
cells (Christison et al,, 1994). Since this interaction 
between the two high-molecular complexes could be 
sterically hindered, testing of the reducing capacity 
of albiunin-bound ebselen with low-molecular hydro- 
peroxides such as H2O2 is warranted but not reported 
so far. A further complication is the fact that the 
concentrations of glutathione and other thiols in the 
plasma are normally very low so that it is uncertain 
whether the GPx-like activity of ebselen can operate 
in the plasma. It was reported, however, that preincu- 
bation of human plasma with ebselen concentrations 
as low as 1 /iM strongly reduced the level of hydro- 
peroxy-phosphatidylcholine (Miyazawa et a/., 1993). 
The same authors also found that oral administration 
of ebselen to rats gave rise to a dose-dependent 
marked lowering of the plasma level of this hydro- 
peroxy-lipid within 2-4 h whereas the liver and red 
cell levels were not affected. These observations sug- 
gest a preferential hydroperoxide-reducing activity in 
plasma. Stocker and coworkers (Christison et at,, 
1994) observed that the hydroperoxy cholesteryl 
esters in oxidatively modified plasma lipoproteins are 
reduced by ebselen in whole blood but not in plasma 
suggesting that the reduction is cell-mediated. It 
remains to be clarified whether the blood cells release 
cofactors required for the ebselen action, e.g. low- 
molecular thiols, or whether there occurs an inter- 
action of the plasma form of ebselen with membrane 
constituents, e.g. ecto-thiol groups. Irrespective of 
this problem the experimental data available argue in 
favour of the assumption that plasma ebselen is an 
effective reductant of peroxidized plasma lipoproteins 
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in vivo and that ebselen may display its antioxidative 
capacity preferably in blood plasma, where sizeable 
glutathione peroxidase activity with peroxidized lipo- 
proteins as substrate is apparently missing (Christi- 
son et al., 1994) in contrast to the cells that contain 
PHGPx. The nature of the reducing ebselen species in 
the plasma is however far from clear. The selenenyl- 
sulphides of albumin or other thiol proteins are 
possible candidates, but this assumption is contra- 
dicted by the fact that ebselen-glutathione selenenyl- 
sulphide exhibits only low reactivity toward hydrogen 
peroxide (Morgenstcm et aL, 1992). It cannot be 
excluded, however, that the selenenylsulphides of 
thiol proteins and glutathione differ from each other 
in their redox {potentials leading to different reactivi- 
ties. Although the additional existence of non- 
covalent forms of ebselen binding to serum albumin, 
e.g. by the hydrophobic binding domain as with free 
fatty adds, cannot be ruled out, the pharmacology 
and biotransformation of ebselen can be satisfactorily 
explained with the selenenylsulphide adduct of 
ebselen with serum albumin being the transport form 
in plasma. This assumption is corroborated by the 
recent work of Wagner et al. (1994) who demon- 
strated an excellent bioavailability of this adduct. 

EBSELEN AS A MULTIPLE ENZYME 
INHIBITOR 

General considerations 

Ebselen has been reported to inhibit at low concen- 
trations a variety of enzymes (Table 2). The majority 
of these enzymes are implicated in inflammatory 



processes so that it is reasonable to assume that the 
inhibitory effects may contribute to some extent to 
the antiinflammatory actions of ebselen in vivo. This 
assumption is however contradicted by the fact that 
all of these inhibitory effects — so far examined — are 
prevented or reversed by glutathione or other thiols. 
In the case of mammalian 5- and 15-lipoxygenases, 
gastric H^/K*-ATPase, nitric oxide synthase, protein 
kinase C and leukocyte NADPH oxidase the inhibi- 
tory effects were also demonstrated on the cellular 
level, but with intact cells much higher concentrations 
of ebselen are required to achieve comparable inhibi- 
tions as with the pure enzymes. The lower sensitivity 
of these enzymes in cells appears to be due to the 
counteractive effect of glutathione as well as to the 
binding of ebselen to other proteins. 

Lipoxygenases 

The inhibition of 5-lipoxygenase is of particular 
interest because evidence has been obtained that 
ebselen suppresses m vivo the formation of pro- 
inflammatory cysteiny] leukotrienes (Wendel and 
Tiegs, 1985; Tabuchi et al,, 1995) synthesized via the 
5-lipoxygenase pathway of arachidonic add metab- 
olism. While the pure enzyme is strongly inhibited by 
an ebselen concentration as low as 0.1 (Schewe 
et aLy 1994), the formation of 5-lipoxygenasc prod- 
ucts in polymorphonuclear leukocytes is inhibited at 
concentrations of ebselen as high as 20/<M (Safayhi 
et aL, 1985), Such concentrations were observed 
however in blood plasma after oral administration of 
ebselen. Two modes of action may be considered to 
explain the lipoxygenase inhibition in cells; directly 



Table 2. Inhibitory cfTccts of cbsckn on enzymes 



Enzyme 


Spedcs, tissue 


Preparation 


IC50 (/iM) 


Reference 


15- Lipoxygenase 


Rabbit reticulocytes 


Pure enzyme 


ai7^ 


Schewe et al, (1994) 


S-Lipoxygcnase 


Human recombinant 


Pure enzyme 


<0.1 


Schewe €t ai. (1994) 


Prostaglandin H 
synUiase 1 


Sheep vesicular glands 


Microsomal membranes 


38 


Schewe et at. (1994) 


Nitric oxide synthase 
(constitutive) 


Bovine aorta endothelium 


Oil homogenatc 


8.5* 
13 


Zembowicz et at, (1993) 
Hattori et al, (1994) 


Nitric oxide synthase 
(inducible) 


Rat peritoneal macrophages 


Cyiosol 


2.5 


Hattori et at, (1994) 


NADPH oxidase 


Human granulocytes 


Membrane pellet 


a5-i.o* 


Cotgrcave et al, (1989) 


NADPH-cytocfarome 
/'-4S0 reductase 


Mouse liver 


Microsomal membranes 


0.13 


Wendel et al. (1986) 


NADPH-cytochrome 
P-450 reductase 


Rat liver 


Microsomal membranes 


0.55 


Nagi et at. (1989) 


NADH-cytocbrome 
65 reductase 


Rat liver 


Microsomal membranes 


0.2-0.3 


Nagi et at. (1989) 


Protein kinase C 


Human granulocytes 


Partially purified enzyme 


0.5* 


Cotgrcave et at, (1989) 


HVK*-ATPasc 


Pig stomach 


Leaky gastric membranes 


0.15* 
0.06* 


Bdl et al, (1990) 
Tabuchi et al. (1994) 


Glutathione S-transTerase 


Rat liver 


Isolated isoenzymes 


-50*t 


Nikawa et at, (t994b) 


Papain 


Papaya latex 


Pure enzyme 


* 


Nikawa et al. (1994b) 



'Inhibition prevented or rcvcned by glutathione. 
tTime-dependent inhibition. 
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by formation of an enzyme-ebselen complex and 
indirectly by lowering the hydroperoxide tone. The 
latter phenomenon is based on the fact that lipoxy- 
genases require a certain level of hydroperoxy fatty 
acids in the micromolar range to start their catalytic 
cycle. Therefore compounds that reduce hydroperox- 
ides are generally capable of inhibiting lipoxygenase 
reactions. The possible relevance of the two modes of 
lipoxygenase-inhibitory actions of ebselen has been 
studied with pure 1 5-lipoxygcnase from rabbit reticu- 
locytes (Schewe et ai., 1994). From the analysis of the 
reaction products of this enzyme under various con- 
ditions of partial inhibition by ebselen the following 
conclusions have been drawn: (1) in the absence of 
glutathione ebselen inhibited directly with an IQq of 
0.17 iiM; (2) in the presence of glutathione ebselen 
inhibited by lowering the hydroperoxide tone with an 
ICjo of 234 ;iM; with ebselen glutathione selenenyl- 
sulphide a comparable inhibitory potency was 
observed suggesting the involvement of the GPx-like 
activity under these conditions. However, in inter- 
leukin-4-stimulated monocytes the 1 5-lipoxygcnase 
was inhibited by ebselen with an IC50 of about 20 /xM 
(Heydeck and Schewe, 1994 unpublished) which is 
difficult to reconcile with the aforementioned data on 
the pure enzyme in the presence of glutathione. This 
discrepancy may be due to the fact that in cells the 
lipoxygenases are regulated via the hydroperoxide 
tone; in this regulation the PHGPx is instrumental 
(Weitzel and Wendel, 1992). It is conceivable that the 
inhibition of the lipoxygenases in cells is brought 
about by a combined hydroperoxide-reducing action 
of PHGPx and ebselen. Another possibility would 
be that the inhibition of lipoxygenases by ebselen 
in intact cells is due to the formation of ebselen 
diselenide which seems to be metabolically more 
stable than the glutathione selenenylsulphide. With a 
structurally related diselenide an ICjo value around 
5^M was observed for the inhibition of pure 
15-lipoxygenase (Schewe et al., 1994). 

Furthermore it has been reported that ebselen plus 
glutathione do not protect the S-tipoxygenase against 
spontaneous aerobic inactivation during enzyme 
isolation, whereas glutathione peroxidase affords 
such a production (Zhang et al., 1994). 

The fact that the sensitivity of the 15-lipoxygcnasc 
toward ebselen is much lower in cells, i.e. in the 
presence of 2-8 mM glutathione, than extracellularly 
where the glutathione concentration is only in the 
micromolar range, may imply a special pharmaco- 
dynamic quality of this ebselen effect. As mentioned 
in the chapter before, the 15-lipoxygenase is possibly 
involved in the oxidative modification of low- 
density lipoproteins (LDL) producing the athero- 
genic form of them. This assumption is corroborated 



by a co-localization of 1 5-lipoxygenase and 
oxidatively modified LDL in atherosclerotic lesions 
(Yla-Herttuala e( aL, 1990), In this lesions production 
of reactive oxygen species and damage to cells 
also occur. It is therefore conceivable that in 
atherosclerotic lesions the 15-lipoxygenase is released 
from damaged cells (monocyte-derived macrophages, 
endothelial cells) whereas glutathione is at the 
same time oxidized without being regenerated. This 
scenario would selectively enhance the sensitivity 
of the 15-lipoxygenase toward ebselen in the lesions. 
In this way ebselen may selectively suppress the 
deleterious actions of this enzyme without affecting 
its physiological functions in intact cells— a property 
that is desired for any drug. Together with the 
capacity of ebselen to reduce the hydroperoxy- 
lipids in oxidatively modified LDL (see above) the 
l5-iipoxygenase-inhibitory effect affords a bio- 
chemical basis for the preventive and therapeutic 
application of ebselen in atherosclerosis which should 
warrant corresponding experiments with laboratory 
animals or clinical trials that have not been reported 
so far. The proposed antiatherosclerotic action of 
ebselen is illustrated in Fig. 3. 

The lipoxygenase-inhibitory activities of ebselen 
could also play an important role in the protection 
against the unwanted restenosis occurring upon 
percutaneous transluminal coronary angioplasty 
(PTCA). The PTCA is a modern and widely used 
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IWjOX ^I-^ ROS < inflammatory ce8s 




cetf-toxic actions 



LOL scavenger pathway y 

ChE-OH I / 

(not atharogente) atherosderutic lesion 



Fig. 3. The role of oxidative modification of low-density 
lipoproteins (LDL) in the formation of atherosclerotic 
lesions (simplified) and the counteractions of ebselen. The 
cholesteryl esters (ChE) in LDL are dioxygenated to hydro- 
peroxides (ChE-CX)H) by dthcr 15-lipoxygenase (15-LOX; 
from endothelial cells or interleukin 4-stimulated mono- 
cytes) or reactive oxygen species (ROS). The ChE-OOH give 
rise to oxidative modification of the apoprotein forming 
oxLDL, which arc no longer taken up via the well-regulated 
LDL receptor pathway but via the alternate scavenger 
receptor pathway leading to atherosclerotic lesions. Ebselen 
suppresses this process in a dual manner by inhibiting 
IS-LOX and reducing ChE-OOH to the corresponding 
alcohols (ChE-OH). The full triangles mark chemical 
conversions; plus and minus designate stimulatory and 
inhibitory effects, respectively. 
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method of reperfusing coronary arteries in myo- 
cardial infarctions. Since the PTCA necessarily gives 
also rise to an injury of the arterial endothelium, 
processes similar to those occurring in the athero- 
genesis may be induced. In other terms, restenosis 
and formation of atherosclerotic lesions appear to 
be closely related. Moreover it has been reported 
(Serhan and Brezinski, 1991) that PTCA triggers 
the intraluminal release of cysteinyl leukotrienes 
(products of 5-lipoxygenase) and of lipoxin A4 
(a product of both 5- and l5-!ipoxygenase) in vivo, 
so that it is tempting to speculate that these pro- 
inflammatory lipoxygenase metabolites contribute to 
the accelerated restenosis. The therapeutic use of 
ebselen as an inhibitor of restenosis was claimed in 
a patent of the Daiichi Pharmaceutical Co. Ltd 
(Kodama et ai, 1993), 

NADPH oxidase and protein kinase C 

The NADPH oxidase system of phagocytosing 
celb is instrumental in their microbicidal activity. 
In a concerted action with superoxide dismutase, 
myeloperoxidase and lactoferrin a variety of reactive 
metabolites such as hydroxyl radicals, hypochiorous 
acid and chloroamincs are formed that are capable 
of killing bacteria and other ingested cells. These 
reactive metabolites also contribute, however, to 
inflammatory processes. The NADPH oxidase sys- 
tem is dormant in resting cells and is activated by 
factors inducing phagocytosis. The activation is a 
complex signal transduction cascade in which the 
protein kinase C is included. Protein kinase C is 
activated by diacylglycerols or phorbol esters, and 
by calcium and is thought to catalyse the last step 
of the activation cascade, the phosphorylation of 
the NADPH oxidase. Ebselen has been shown to 
suppress the NADPH oxidase system in granulocytes 
in a dual manner (Cotgrcave et ai,, 1989). Firstly, 
it counteracts the activation by inhibiting protein 
kinase C. Other protein kinases of the granulocyte 
appear to be insensitive toward ebselen. Secondly, 
ebselen inhibits the enzymic activity of the NADPH 
oxidase. The two actions of ebselen were established 
both on the cellular level and with isolated enzyme 
preparations. 

Since protein kinase C exerts multiple functions in 
inflammation, its inhibition may contribute to the 
general antiinflammatory poteritial of ebselen. Thus, 
the inactivation of lipomodulins leading to activation 
of phospholipase Aj and to an enhanced eicosanoid 
production should be prevented. 

H'^/K'^-ATFase 

The possible implication of the potent inhibition of 
the gastric H^/K+-ATPasc in the gastroprotective 



actions of ebselen is corroborated by the observation 
that intraduodenal ebselen suppressed in a dose- 
dependent manner the gastric secretion in pylorus- 
ligated rats (Tabuchi and Kurebayashi, 1993). Since 
in laboratory animals ebselen also counteracts the 
gastric injury induced by either hydrochloric add 
or ethanol, apparently by virtue of its hydroperoxy- 
lipid lowering and cysteinyl leukotriene synthesis- 
inhibitory activities (Kurebayashi et ai., 1989; 
Tabuchi et a/., 1995), the well-established anti-ulcer 
eflect of ebselen appears to be the result of several 
combined molecular actions. The failure to inhibit 
the synthesis of the gastroprotective eicosanoid 
prostaglandin (see below) may be advantageous in 
this respect as well. 

Studying the mechanism of the inhibition of 
the porcine gastric H*/K'*^-ATPase, Tabuchi et al. 
(1994) found that ebselen inhibits both of the two 
consecutive reaction steps (phosphorylation of the 
enzyme, -dependent phosphatase) with the latter 
being more sensitive, as well as the conformational 
change of the enzyme during catalysis. With respect 
to this mode of action, ebselen resembles to the 
gastric drugs omeprazole and SCH28080 but 
surpasses them as to the inhibitory potency. 

Nitric oxide synthases 

The inhibition of nitric oxide formation by ebselen 
was first observed on the cellular level in experiments 
with rat Kupffer cells (Wang et ai,, 1992). In exper- 
iments with isolated nitric oxide synthases it was 
evident that the inducible form of the enzyme is 
more sensitive than the endothelial constitutive one 
(Hattori et aL, 1994). The inducible form is involved 
in inflammatory processes, e.g. by producing the 
dangerous peroxynitrite, whereas the constitutive 
enzyme plays an important physiological role 
in regulating the vascular tone and circulation 
(Moncada and Higgs, 1993). For this reason, this 
selectivity appears to be advantageous for the anti- 
inflammatory pharmacologic profile of ebselen. 
Carboxyebselen, a more hydrophilic congener of 
ebselen, displays a changed selectivity toward various 
nitric oxide synthases (Hatchett et al, 1994). 

Prostaglandin H synthase 

Contrary to earlier suggestions in the literature, 
ebselen is not an inhibitor of the prostaglandin 
synthesis. The membranous prostaglandin H syn- 
thase- 1 from sheep vesicular glands is only inhibited 
by comparatively high concentrations, but this 
inhibitory eflect is overlapped by a pronounced 
protection of the enzyme from suicide inactivation 
(Schewe et al, 1994), The inhibition of prostaglandin 
H synthase in human platelets reported earlier 
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{Kuhl et aL, 1985) may be a secondary effect resulting 
from the suppression of agonist-triggered rise of 
intracellular calcium in platelets (Brune et aL, 1991; 
Dimmeler et ai^ 1991). The failure to inhibit prosta- 
glandin synthesis has been suggested to be a reason 
for the lack of protection by ebselen in kidney trans- 
plantation in rabbits despite a pronounced antioxid- 
ative effect (Gower et aL, 1992). On the other hand, 
the maintenance of the production of prostaglandin 
E2 which possesses gastroprotective, bronchodilating 
and immunosuppressive properties may also be bene- 
ficial for the therapeutic use of ebselen. This conclu- 
sion is corroborated by the findings that unlike 
prostaglandin H synthase inhibitors, ebselen does not 
evoke gastric irritation in rats and, on the contrary, 
affords protection against the gastric intolerance 
induced by such drugs (Leyck and Parnham, 1990). 

Mechanism of enzyme inhibitions 

In many cases the molecular mechanism of the 
inhibitory actions of ebselen may be a blockade of 
thiol groups essential for structure and activity of 
these enzymes. Such a mechanism is however not 
plausible in the case of mammalian lipoxygenases 
since they are thought not to contain an essential 
thiol. From EXAFS spectroscopic studies on rabbit 
1 5-lipoxygenase it was evident that ebselen affects 
the non-haem iron ligand sphere (Wiesner and 
Nolting, 1994, unpublished). It remains to be clarified 
whether ebselen interacts directly with the enzymic 
iron or whether a thiol group in the vicinity of 
the active site is covalently modified in such a 
way that the space-filling ebselen selenenylsulphide 
residue disturbs one of the iron ligands in the 
lipoxygenases. It should be emphasized that a protec- 
tion or reversal by glutathione — as always observed 
so far examined — does not in any case imply the 
involvement of a reaction of ebselen with enzymic 
thiols. Rather such an observation primarily indicates 
the lack of inhibitory potency for ebselen glutathione 
selenenylsulphide. 

IMPLICATIONS FOR THE PHARMACOLOGY 
OF EBSELEN 

Unlike other selenium compounds, ebselen 
possesses an extraordinarily low toxicity which is due 
to the fact that the selenium moiety is not liberated 
during biotransformation and therefore does not 
enter the selenium metabolism of the organism 
(Pamham and Graf, 1987). 

The fact that more than 90% of plasma ebselen 
were shown to be covalently bound to scrum albumin 
in vivo (Wagner et a/., 1994) is obviously not a barrier 
as to the bioavailability of the drug for the cells. 
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Surprisingly Wagner et al. (1994) did not observe any 
difference in the uptake of free and albumin-bound 
labelled ebselen by hepatocytes. The radioactivity 
could be detected in all subcellular fractions. It must 
be concluded, therefore, that the transfer of ebselen 
from the albumin selenenylsulphide to other thiol 
groups present in plasma membrane proteins is 
very effective and enables ebselen to permeate easily 
from the plasma to all compartments of the 
cell, possibly via a chain of thiol exchange reactions. 
Since the ebselen selenenylsulphides can enter the 
interconversion cycles shown in Fig. 1. they can be 
converted to free ebselen, if hydroperoxides are pre- 
sent. In this manner, the thiol protein-bound ebselen 
is apt to be a storage form of the drug which is 
specifically activated under conditions of oxidative 
stress that is accompanied by an elevated formation 
of hydroperoxides. 

The beneficial pharmacological activities of ebselen 
have been established in a large number of in vitro 
models and of studies with laboratory animals 
(Pamham et al,, 1991; Parnham and Graf, 1991; 
Sies, 1993). Most of them appear to be related to 
the aforementioned molecular actions as well as 
additional actions on the cellular level that all 
together constitute a pharmacological profile that is 
unique for this drug. 

Cellular actions of ebselen 

In Tables 3 and 4 a selection of cellular in vitro 
actions of ebselen observed by various investigators 
is compiled. A number of them are related to 
inflammatory processes and may be accounted for by 
the enzyme inhibitions described in the foregoing 
chapter. This holds for the inhibitions of leukotriene 
B4 formation, of superoxide production and oxidative 
burst, as well as of nitric acid formation. Other 
actions of ebselen are directed to signal transduction 
processes and to cell-cell interactions. The suppres- 
sion of the intracellular calciimi release and of the 
corresponding consecutive processes as observed by 
Brune et ai. (1991). has been shown to be attributed 
to a blockage of the receptor for l,4,5-inositol-/ri5- 
phosphate (IP3) (Dimmeler et al, 1991). The molecu- 
lar mechanism of this action seems to involve the 
reaction with an essential thiol. The modulation of 
the calcium homeostasis by ebselen may also be one 
reason for the inhibition of eicosanoid syntheses 
which depend on the activition by calcium of phos- 
pholipases. Since the calcium homeostasis differs 
among various types of cells, it becomes plausible 
why ebselen affects the eicosanoid formation (prosta- 
glandins as well as 12-hydroxyeicosatetraenoic acid) 
in various cells and tissues in quite a different manner 
as observed in the study of Hurst et ai (1989). 
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Table 3. AnUinflammatory actions of cbsden in cellular systems 


Cell 


Spcdcs 


Parameter being inhibited 




Reference 


Granulocytes 


Rat 


Lcukotriene B4 formation 


20 


Safayhi et al. (1985) 


Granulocytes 


Man 


Oxidative burst; 'Of -production 


25 


Cotgreave et al (1989) 


K.upSer cells 


Rat 


•O2 -prod uction 


10 


Wang et al, (1992) 


Granulocytes 


Man 


Adhesion to umbilical vein endothelium 


40 


Issekutz and Lopes (1992) 


Granulocytes 


Man 


Transendothetial migration 


28 


Issekuu and Lopes (1992) 


Lymphocytes 


Man 


Mitogenesis 


17 


Hunt et al, (1991) 


Lymphocytes 


Man 


IFN-7 and TNF-a production* 




[nglot et al. ({991. 1992) 
Cembrzynska-Nowak and Inglot (1992) 
Piasecki et al, (1992) 


KupfTer cells 


Rat 


NO formation 


3 


Wang et ai (1991) 


Platelets 


Man 


Ca** -release 


14 


Brunc et al. (1991) 


Platelets 


Man 


Arachidonic acid-stimulated cell aggregation 


2 


Brune et al (1991) 


Platelets 


Man 


Thrombin-stimulated cell aggregation 


9 


Briine et al (1991) 


Plateleu 


Rabbit 


Eicosanoid formation 


5-9 


Hurst et al, (1989) 



*Induction. 



Ebselen has been also found to inhibit the adhesion 
of polymorphonuclear leukocytes to the endotlietium 
as well as transendotheiial migration both m vitro 
(Issekutz and Lopes, 1992) and in vivo (Gao and 
Issekutz, 1993a, b; Gao and Issekutz, 1994), Strong 
inhibition of chemotaxis and chemokinesis by ebselen 
in vitro was only observed when the migration of 
leukocytes was induced by leukotriene B4 but not by 
chemotactic peptides (Patrick et al,, 1993), Therefore 
it is reasonable to assume that this inhibition is due 
to the capacity of ebselen to isomerize leukotriene B4 
to its inactive trans -vsomtr (Kuhl et a/., 1986). 

A further antiinflammatory action of ebselen, the 
inhibition of mitogenesis in lymphocytes (Hunt et al, 
1991), appears to be related to its antioxidant 
capacity. In great contrast to the latter observation 
are the findings of Inglot and coworkers that ebselen 
and ebselen diselenide are mitogens by >drtue of 
the capability of inducing interferon-y and tumour 



Table 4. Cytoprotective actions of ebselen in cellular systems 


Cell 


Species 


Noxious agent 


Parameter 


IC» (^M) 


Reference 


Endothelial cells 


Beef 


Hydropcroxy fatty acid 


''Cr-rclease 


5 


Ochi et al, (1992) 


Leukaemia L1012 cells 


Mouse 


1 -Butyl hydFOperoxide 


Cell viability 


5-10 


Gcigcr et al (1993) 


Hcpatocytes 


Rat 


Fc**/ADP 


Lipid peroxidation 


5-10 


Mullcr et <i/. (1985) 


Hepatocytes 


Rat 


Diquat 


Lipid peroxidation, 
cell viability 


-50 


Cotgreave et al, (1987) 


Hcpatocytes 


Mouse 


Paracetamol 


Covalent drug binding; 
enzyme release 


-50 


Harman et al (1992) 


Hcpatocytes 


Rat 


Paracetamol 


Enzyme release; 
lipid peroxidation; 
depletion of glutathione 


-50 


U et al. (1994) 


LLC PKI cells 


Mouse 


Cisplatin 


Cell viability 


5-15 


fialdew et at. (1992) 


Leukaemia L1012 cells 


Mouse 


Mcrocyaninc 540 


Cell survival 
photoioactivation 
of Na*/K*-ATPasc 


5-10 


Lin et al. (1992, 1994) 


Tumour cells (EMT6) 




Mitomycin C 


Ceil survival 


-50 


Gustafsoo and Pritsos (1991) 


Tumour cells (MCF-7) 


Man 


Doxorubicin 


Clonogenicity 


-5 


Doroshow (1986) 


Malaria-infected 
red cells 


Man. 
Mouse 


Plasmodium falcipanan 
and P. Ur^hei 


Parasite proliferation 


10-15 


Huthcr er 0^.(1989) 



necrosis factor a (Inglot et ai., 1990, 1992; Czyrski 
and Inglot, 1991; Cenibrzynska-Nowak and Inglot, 
1992; Piasecki et ai,, 1992). This effect was reported 
to be species*specific for man; its pharmacological 
importance deserves further study. 

Ebselen was shown to suppress the contractile 
responses of guinea-pig lung strips induced by 
histamine or potassium chloride (Leurs et ai., 1990) 
as well as those of hepatic vasculature upon ethanol- 
induced damage (Oshita et al., 1994). These obser- 
vations suggest broncho- and vasodilatory actions 
that may be brought about by modulating signal 
transduction processes, perhaps by inhibition of 
protein kinase C. 

Beyond the actions of ebselen related to inflam- 
mation (Table 3), a number of cytoprotective actions 
have been reported (Table 4). The cytoprotection is 
afforded not only against hydroperoxides but also 
against the adverse side effects of a variety of drugs, 
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Fig. 4. The cell-protective action of cbsclcn. Oxidative stress 
or certain cytotoxic drugs produce reactive oxygen spedcs 
(ROS) which in turn cause lipid peroxidation in membranes. 
The hydropcroxy-phospholipids thus formed (PL-OOH) are 
deleterious for the cell; moreover they trigger the formation 
of further ROS and activate the l5-lipoxygenase (15-LOX) 
which may lead to a feed-forward stimulation of lipid 
peroxidation. Ebselen abolishes the multiple dangerous 
effects of PL-OOH by reducing them to the corresponding 
alcohols (PL-OH). In this manner, ebselen mimics the action 
of the selenocysteine enzyme PHGPx. The scheme also 
contains the biological role of the reaction of 15-LOX with 
biomembranes (for details see Schcwc and Kuhn, 1991). 
The symbols have the same meaning as in Fig. 3. 



in particular of those known to produce free radicals 
and hence trigger oxidative stress. In many cases the 
cytoprotective action of ebselen and its metabolites is 
supposed to be due to their hydroperoxide-reducing 
capacity (Fig. 4). An exception could be the pro- 
tection against paracetamol*induced toxicity; in tiiat 
case the deleterious metabolite Af^-acetyl-p-benzo- 
quinone imine was shown to be reduced by ebselen 
selenol (Li et al, 1994). It is reasonable to assume 
that in vivo ebselen selenol is a more effective 



detoxifying rcductant than thiols; thiols are however 
required for its formation from parent ebselen. In any 
case, ebselen may be used in the pharmacotherapy to 
lower the toxicity of drugs. 

Actions m laboratory animals 

A selection of experimental models that have been 
used to demonstrate the pharmacological efficacy of 
ebselen is listed in Table 5. Further examples have 
been reviewed in the paper of Parnham et a/. (1991). 
These data substantiate the broad antiinflammatory 
potency of ebselen in vivo. It should be emphasised 
that in many studies ebselen proved to be superior to 
other non-steroidal antiinflammatory drugs such as 
indomethacin. In particular, unwanted side effects 
were not reported with ebselen. Thus, the application 
of ebselen is expected to improve the possibilities 
of the treatment of inflammatory diseases. 

CONCLUDING REMARKS 

Among the antioxidative drugs ebselen appears 
to be the most promising one. The favourable 
characteristics are mainly as follows: 

— low toxicity and lack of adverse effects, 

— metabolic stability due to several cycles of 
interconversions (see Fig. I), 

— biologic activities residing not only in ebselen 
itself but also in some of its metabolites, 

— ^multiple molecular actions which include both 
detoxification of deleterious hydroperoxides 
and inhibition of enzyme activities as well as 
modulation of signal transduction processes and 
of cell-cell interactions, 



Tabic 5. Antiinflammatory and protective actions of ebselen in laboratory animals 



Experimental model 


Species 


Dosage (mg/kg) 


Reference 


Galactosam i nc/cndo toxin-i nd uced hepatitis 


Mouse 


600 p.o. 


Wendel and Tiegs (1986) 


Dict-induccd pancreatitis 


Mouse 


100 S.C. 


Nicderau €( al. (1991, 1992) 


Experimental aWcolitis and bronchiolitis 


Rat 


10 i.p. 


Cotgreave et al. (1988) 


Leukocyte and lymphocyte migration into inflamed joints 


Rat 


100 P.O. 


Gao and Issekutz (1993a) 


Adjuvant arthritis 


Rat 


100 P.O. 


Gao and Issekutz (1993b, 1994) 


Dietary gingivitis 


Monkey 


S% topical 


Van Dyke ei al. (1986) 


Experimental allergic neuritis 


Rat 


10-100 p.o. 


Hartung et al. (1986) 


Hydrogen peroxide-induced monoarthritis 


Mouse 


50-100 p.o. 


Schalwijk et al. (1986) 


Hydrogen peroxide-induced foot pad oedema 


Rat 


50 p.o. 


Griffith et al. (1992) 


Cobra venom-induced oedema 


Rat 


56 p.o. 


Leyck and Parnham (1990) 


tschaemic brain oedema 


Rat 


100 p.o. 


Tanaka and Yamada (1989) 


Ischaemic brain oedema 


Cat 


10 p.o. 


Johshita et al (1990) 


Ischaemia-reperfusion injury of coronary artery 


Dog 


50 P.O. 


Hoshida et al (1994) 


Elhanol or HCI-induccd gastric mucosal injury 


Rat 


10-100 p.o. 


Kurcbayashi ei al (1989) 


Ethan ol- induced gastric mucosal injury 


Mouse 


30-100 P.O. 


Tabuchi et a/. (1995) 


Gastric secretion and ulceration 


Rat 


50-100 intraduodenal 


Tabuchi and Kurcbayashi (1993) 


Diclofenac-induced gastric intolerance 


Rat 


30-300 P.O. 


Leyck and Parnham (1990) 


Adriamycin-induced cardiotoxicity 


Mouse 


4 i.p. 


Pritsos et al (1992) 
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— a unique antiinflammatory potential which is 
due to a set of multi-site actions (see Fig. 5) 
and which is not shared by any other anti- 
inflammatory drug. 

— a pronounced cyto- and tissue-protective 
potential, in particular against oxidative stress 
(see Fig. 4), 

— ^thc capability of reducing drug toxicities, 

— ^a prospective antiatherosclerotic potential (see 
Fig. 3). 

While the antiinflammatory and cytoprotective 
activities of ebselen are well-established in a number 
of cellular systems and in studies with laboratory 
animals, publications on corresponding clinical trials 
are not yet available. Moreover, there is a backlog 
demand with respect to the research on the anti- 
atherosclerotic potential of ebselen. Finally, the 
biological activities of the ebselen species occurring in 
blood plasma need to be studied more exhaustively. 
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